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SUMMARY 
Hydroboration reactions of methyl cyanide have been studied. The 
r e a c t i o n of diborane w i t h methyl cyanide proved a convenient preparative 
route t o N - t r i e t h y l b o r a z i n e , Et^N^B^H^, and i n t h i s r e a c t i o n , small 
q u a n t i t i e s of N-diethylaminodiborane are formed. Reactions between 
mixed chloroboranes, HBCI2 and H2BCI, and methyl cyanide proceed v i a a 
d i s p r o p o r t i o n a t i o n i n t o methyl cyanide-boron t r i c h l o r i d e adduct, MeCNBCl^, 
and a mixture of p a r t i a l l y c h l o r i n a t e d N - t r i e t h y l borazines Et^N^B^H^Cl^ ^. 
Adducts Bu*^CN,AlR^ (R' = Me, Et, or Ph), Bu'^CN.AlMe^Cl, have been 
prepared and t h e i r rearrangement at 150-240° to the dimeric alkylideneamino 
d e r i v a t i v e s (RR'C:NAlRp2 studied. Dimethylaluminium hydride w i t h Bu^ 'CN 
gives (Bu^CH:NAlMe2)2 d i r e c t l y . The e l e c t r o n i c and s t e r i c f a c t o r s t h a t 
appear t o i n f l u e n c e these rearrangements and the r e a c t i v i t y of the product 
are noted, and i n t e r p r e t e d i n terms of possible mechanisms. Features of 
the i n f r a r e d spectra of these compounds are discussed, and the proton nuclear 
magnetic resonance spectra of many of the alk y l i d e n e amino-compounds are 
i n t e r p r e t e d as evidence f o r t r a n s - s t r u c t u r e s . 
Adducts RCN,GaR^ (R = Me,Ph and Bu^, R' = Me and E t ) have been 
prepared and t h e i r thermal decomposition reactions studied. Methyl 'migration' 
was not observed, and the only rearrangement reactions t o go involved the 
e v o l u t i o n of ethylene w i t h subsequent m i g r a t i o n of hydrogen from the 
t r i e t h y l g a l l i u m adducts. Features of the i n f r a r e d and nuclear magnetic 
resonance spectraare discussed. 
( i v ) 
Acetoxime reacts at ca. 100° w i t h trimethylborane to form methane 
and the isopropylideneaminoxy d e r i v a t i v e (Me2C:NOBMe2)2 which apparently 
e x i s t s as dimeric u n i t s i n the c r y s t a l phase, i s p a r t l y associated i n 
s o l u t i o n , and as a monomer i n the gas phase. Trimethyl-aluminium, 
- g a l l i u m , and -indium react w i t h acetoxime at -78 to form r e l a t e d 
compounds (Me2C:NOMMe2)2 (M = Al,Ga, or I n ) , considered t o be dimeric 
i n the gas, s o l u t i o n and c r y s t a l phases. T r i m e t h y l t h a l l i u m a t room 
temperature gives the f o r m a l l y analogous (Me2'P10N:CMe2) f o r which 
spectroscopic evidence i n d i c a t e s possibly a d i f f e r e n t s t r u c t u r e . 
Assignments are suggested f o r c h a r a c t e r i s t i c bands i n the i n f r a r e d 
spectra of these compounds, and t h e i r proton magnetic resonance spectra, 
which show an unusual solvent e f f e c t are recorded. The mass spectra of 
the boron and aluminium compounds are consistent w i t h the proposed 
s t r u c t u r e s . 
I n t r o d u c t i o n 
I n recent years, many workers have been i n v e s t i g a t i n g the a d d i t i o n 
r e a c t i o n whereby a d i p o l a r group M-X adds across a m u l t i p l e bond A=B. 
&f S- 6- 5f 
i . e . M - X + A = B -> M-A-B-X. 
One of the f i r s t r e a c t i o n s of t h i s type to be discovered was tha t of 
d i e t h y l z i n c w i t h acetaldehyde''" by Wagner i n 1876, and more r e c e n t l y , i n 
2 
1900, V i c t o r Grignard published the f i r s t d e s c r i p t i o n of some of the 
p r o p e r t i e s and reactions of ethereal s o l u t i o n s of a l k y l or a r y l magnesium 
h a l i d e s , ( l a t e r t o be known as Grignard reagents), w i t h m u l t i p l y bonded 
f u n c t i o n a l groups. Since then i t has been found t h a t M can be almost any 
r e l a t i v e l y e l e c t r o p o s i t i v e element and X can be almost any comparatively 
e l e c t r o n e g a t i v e element or group. Reactions of t h i s type have proved very 
u s e f u l i n synthesis, and examples may be drawn from the reactions of 
3 
Grignard reagents , t o form alcohols from aldehydes and ketones. 
RCHO + MeMgX 
RR'CO + MeMgX 
ketones from n i t r i l e s . 
R-CN + MeMgX 
Me 
|R-C-OMgX 
I 
H 
Me 
|R-C-OMgX 
R' 
H2g, 
H2O 
Me 
I 
R-C-OH 
I 
H 
Me 
I 
R-C-OH 
R' 
Itoiio! 
H2O \^ 
.C=0 
Me 
2 -
and c a r b o x y l i c acids by carbonation 
OMgX / 
CO2 + MeMgX ^ Me-C 
V 
Me-C J 
The l i t e r a t u r e on t h i s subject i s vast and i s best simmnarised i n 
ta b u l a r form (See tables I t o I V ) . These c o l l e c t together information 
a v a i l a b l e on r e a c t i v i t i e s of a range of d e r i v a t i v e s M-X of elements of 
groups 2,3 and 4 of the p e r i o d i c t a b l e towards unsaturated systems. 
Since r e a c t i v i t i e s of unsaturated groups towards a p a r t i c u l a r group 
MX increases i n the sequence 
RC=N < R2CO < RNCO 
Groups MX themselves can be c l a s s i f i e d according to t h e i r r e a c t i v i t i e s 
as f o l l o w s : 
A Very r e a c t i v e - Reacts w i t h cyanides and o l e f i n s , etc. 
B Moderately r e a c t i v e - Reacts w i t h ketones, etc. 
C S l i g h t l y r e a c t i v e - Reacts only w i t h very r e a c t i v e groups such 
as isocyanate and other A=B=C systems. 
D Does not show any a d d i t i o n r e a c t i o n s . 
"?" denotes t h a t the work has not been done, and other f i g u r e s are 
reference numbers. 
Too much r e l i a n c e should not be placed on the r e l a t i v e r e a c t i v i t i e s of 
the group M-X because p a r t i c u l a r l y i n the cases where X i s OR, SR, NR2, the 
f u l l range of unsaturated groups A=B, from cyanide to isocyanate, has not 
been f u l l y studied. 
Table I 
M = Beryllium Magnesium Calcium 
X = H A 4 A 6 9 
A l k y l A 5 A 3 9 
A r y l 9 A 3 B 8 
Amino ? A 7 9 
Alkoxy ? 9 ? 
Thioalkoxy ? 9 9 
Phosphino ? 9 9 
Table I I 
• M = Zinc Cadmivrai Mercury 
X = H Bl'22 9 -
A l k y l C122 C120 D 
A r y l B122 ? D 
Amino C119 ? (?) 
Al'koxy C119 9 C121 
Thioalkoxy ? 9 9 
Phosphino 9 9 9 
Table I I I 
M = Boron Aliraiinitmi Gallium 
X = H A 9 A 14 A 17 
A l k y l C 10 A 15 B 17 -
A r y l C 11 A 16 7 
Amino C 12.. ? 7 
Alkoxy C 12 7 7 
Thioalkoxy C 13 7 7 
Phosphino 9 7 7 
Table IV* 
S i l i c o n Germanivmi 25 Tin 
H A 53 B 19 B 21 
A l k y l D D D 
A r y l D D D 
Amino C 18 C 20 C 22 
Alkoxy C 18 7 B 23, 24 
Thioxy 9 7 7 
Phosphino 7 7 7 
'some reactions go by a f r e e r a d i c a l mechanism. 
5 -
The a l k y l s and a r y l s of l i t h i u m have been much used i n organic 
synthesis. ' They are chemically s i m i l a r t o , but more r e a c t i v e than 
Grignard reagents, as i s shown by t h e i r r e a c t i o n w i t h p y r i d i n e 
The organo-derivatives of sodium and the heavier a l k a l i metals 
are extremely r e a c t i v e , due t o the presence of a carbanion, and combine 
xd.th n e a r l y a l l substances except n i t r o g e n , the i n e r t gases and the 
p a r a f f i n hydrocarbons. A l k y l sodium compounds even react w i t h benzene, 
g i v i n g an anion which has a maximum d e l o c a l i s a t i o n of charge. 
BuNa + C,H, > Butane + (C,H^)"Na"'' 
0 0 0 5 
I n the present work, an i n v e s t i g a t i o n has been made of the reactions 
between unsaturated compounds, mainly n i t r i l e s , and organo-, and hydrido 
compounds of Group I I I elements. 
I n the f o l l o w i n g pages, a b r i f review i s made of reactions i n which 
compounds of boron aluminium and g a l l i u m are known to add to m u l t i p l y 
bonded systems. 
Reactions of Boron compounds w i t h unsaturated compounds 
Hydroboration 
The term hydroboration describes the r e a c t i o n i n which a boron 
hydride or boron hydride d e r i v a t i v e adds across a m u l t i p l e bond. 
This r e a c t i o n has beeh much studied, and i s the subject of a book 
9 
by H. C. Brown. P r i o r t o 1956, the only hydroboration reactions 
known were those of diborane w i t h one or two unsaturated hydrocarbons, 
26 
y i e l d i n g organo-boron compounds. Conditions were inconvenient, and 
y i e l d s were poor. I n 1956, Brown and h i s co-workers discovered t h a t 
when ethers and other weak bases were used as solvent, these g r e a t l y 
catalysed the a d d i t i o n of the boron-hydrogen group across the m u l t i p l e 
27 
bond. Since then, hydroboration has become a much valued r e a c t i o n 
i n organic synthesis. 
The r e a c t i o n of diborane w i t h o l e f i n s i s a convenient method f o r the 
p r e p a r a t i o n of organoboron compounds. This a d d i t i o n r e a c t i o n i s h i g h l y 
stereo s p e c i f i c , and g e n e r a l l y , the boron becomes attached to the less 
28 
s u b s t i t u t e d and t h e r e f o r e more negative carbon atom o f the double bond. 
Also, the a d d i t i o n of B-H bonds t o terminal o l e f i n s i s f a s t e r than 
a d d i t i o n t o non-terminal o l e f i n s , and treatment of a mixture of 1- and 
. 2-penfeene w i t h a d e f i c i e n c y of diborane r e s u l t s i n the s e l e c t i v e conversion 
29 
of the t e r m i n a l o l e f i n i n t o t r i - n - p e n t y l b o r o n . 
6n-PrCH=CH2 + ^ 2(.nC^E^^) 
Reactions of organoboranes w i t h a l k a l i n e hydrogen peroxide y i e l d 
alcohols^' and t h i s becomes a valuable method f o r the 'anti-Markovnikov' 
formation of alcohols from o l e f i n s . 
- 7 -
Organoboration 
Organic groups bound to boron are much less reactive than hydrogen, 
due to the s i m i l a r i t y of the electronegativities of boron and carbon, 
and organo-boration reactions are only observed with the more reactive 
mu l t i p l y bonded systems. Trimethyl- and triethylboron do not react 
with methyl c y a n i d e , b u t isocyanides form adducts at low temperature 
which rearrange slowly at room temperature to give azomethine 
derivatives.^''' 
Ph I 
2BRo + 2 PhNSC > N 
R„B C. 
N I 
. Ph 
When R i s ethyl, the compound rearranges further into a 2*5 diboro-
piperazine above 200°C. 
Ph Ph I I 
N N 
V / \ r. 2 
C BEt„ 200°C ? B I 1 ^  ^ ;:..,Et-B C EtB CEt-' \ / \ \ / ' 
N Et N 
Fh Ph 
When t-butyl isocyanide reacts with trimethylboron, the rearranged 
product i s monomeric, and apparently thermally stable, since transfer of 
32 a second methyl group i s not reported. 
8 -
o o 
BuV=C + Me,B ^° :> Bu^ N^HC.BMe, BuV-C - BMe, 3 3 room 2 
temp. 
Organoboron compounds also react with oxygen to y i e l d thermally stable 
organoboron peroxides, which rearrange at room temperature to the 
alkoxides,"^^ 
Me^ B + 0^ > Me2 BOOMe > MeB(0Me)2 
Reaction with n i t t i c oxide yields on hydrolysis a boron, oxygen-
34 
nitrogen heterocyclic compound. (BON-BON derivative) 
NO 
R^ B + NO > R^ BNO — R N O + R^ BNO 
R3B 
R2 
0 B^ R-BNOBR-X ^ HO 2 , 2 
RHN'^ NHR , 2 R \ / ^ 
B — 0 
^2 
Chloroboration, aminoboration and alkoxyboration 
A l o t of work has been published recently, by Lappert and his 
co-workers about the reactions of boron halides, amides and alkoxides 
11 11 12 35 with acetylenes, isocyanates, ' etc., and carbodi-imides. 
These are a l l r e l a t i v e l y reactive systems and i t i s d i f f i c u l t to assess 
the absolute r e a c t i v i t y of the boron compound because work on less 
reactive bonded systems has s t i l l to be done. The rela t i v e migratory 
aptitudes of the groups bound to boron have been determined by studying 
the reactions of 'mixed* boron compounds, e.g. Me0BCl2.PhBCl^ etc., with 
35 
p-tolylcarbodiimide. The following order has been found: 
9 -
(a) NHR > NR^  > SR > Ph ^ CI. 
(b) OR y Ph. 
(c) CI )> OR. 
This implies that the.more reactive derivatives such as the amino-
boranes may react with ketones and possibly even with the more reactive 
cyanides. 
Reactions of Aluminium compounds with Unsaturated Compounds. 
Aliraiinium hydride and i t s derivatives are much more reactive than 
t h e i r boron counterparts. Aluminiimi hydride-triethylamine complex 
36 
reacts rapidly at room temperature with a c e t o n i t r i l e , forming 
aliminium-nitrogen polymers, 
nMeCN + nEt^NAlH^ > n[MeCN.AlH^] 
MeCH=N -
Et 
Al - N • AIH2 < n[MeCH=NAlH2] 
H n_j^ 
but trimethylamine borane can be recovered quantitatively from an 
equimolar mixture with a c e t o n i t r i l e , after standing for a period of 
37 
several weeks. Alkylalimiinium hydrides react at or below room 
temperature with cyanides,'''^'^^' with the formation of azomethine 
derivatives. The reaction of di-isobutylaluminium with various cyanides 
i n ether, benzene or heptane i s a synthesis for aldehydes. 
i-Bu,AlH + PrCN I' V^^"' ^•'•) PrC 
2 2. H2O Q 
10 
Direct d i s t i l l a t i o n of a mixture of propyl cyanide and di-isobutyl-
aluminium hydride gives n-butylideneaminodi-isobutylaluminium. 
PrCN + i-Bu2AlH > (PrCH:NAlBu2)n. 
39 
Alkylaluminium hydrides react smoothly with olefins. Secondary 
ole f i n s react with Al-H bonds about one hundredth as rapidly as primary 
o l e f i n s , and as i n hydroboration, the hydrogen atom becomes attached to 
the more substituted carbon atom of the o l e f i n : 
CH^ CH = CH2 + H - A l \ > CH3CH2CH2A1^ 
Mixed t r i a l k y l s of aluminivrai have been prepared from dialkylaluminium 
hydride and olefins: 
/Me 
Et-AIH + CH_:CMePr'^  > Et-A1CH„CH 
2 2 2 2 \ p^n 
40 
though mixed aluminivrai alkyls are l i a b l e to disproportionate. Variations 
on t h i s reaction have been used extensively for the preparation of hydro-
carbon polymers, and of organoalviminiimi compounds with a known number of 
carbon atoms i n the hydrocarbon chain, oxidation followed by hydrolysis 
of which y i e l d long chain primary alcohols- much i n demand by the detergent 
industry. 
. Lithium aluminium hydride i s a more experimentally convenient 
material to handle, and has been extensively used for the reduction of 
unsaturated C o m p o u n d s . I t i s rather soluble i n ether and i s conveniently 
used as an ethereal solution, but the more common procedure i s to add 
11 
the substance to be reduced to a slurry of the hydride i n diethyl ether, 
tetrahydrofuran or di-n-butyl ether. I t i s much more reactive than alkyl 
aluminium hydrides since the reaction product i s usually a derivative of 
the lowest reduced state of the functional group, e.g. benzonitrile and 
42 
o - t o l u o n i t r i l e can be reduced to the corresponding amine i n 80% yi e l d 
whereas the reaction of phenyl cyanide with dimethylaluminium hydride 
38 
stops at the azomethine stage. 
The reason for this marked difference i n r e a c t i v i t i e s i s probably 
that the hydrogen i n the tetrahydroaluminate anion AlH^ has more negative 
character than the hydride i n dimethylaluminivmi hydride, due par t l y to 
the negative charge on the anion and also due to the altmiinium-hydrogen-
aluminium three-center bonds i n the associated alkyl aluminium hydrides. 
Alvraiinitrai t r i a l k y l s , though less reactive than their hydride counter-
parts also react by addition of R-Al across the multiple bond with a wide 
range of multiply bonded systems. The reactions of aluminium alkyls with 
with ol e f i n s and acetylenes has been described i n some det a i l by 
40 
K. Ziegler and so w i l l not be further discussed here. The lower alkyls 
take f i r e i n oxygen, but the reaction can be controlled with the formation 
43 44 45 43 46 of aluminivrai alkoxides. ' ' ' Triethylaluminivmi ' reacts 
readily with carbon dioxide, with the formation of Diethylaluminium 
propionate. 
Et^Al + CO2 > EtC0AlEt2 
0 
12 
When an excess of triethylaluminiimi i s used, a multi-stage reaction 
occurs, with the formation of an alkoxide 
2Et Al 
Etc - 0AlEt2 — * Et2A10AlEt2 + Et2COAlEt2 
0 H2O 
Et^COH. 
Aluminium al k y l s , l i k e Grignard reagents, add to aldehydes and 
ketones with the postulated formation of an intermediate alkoxide, hydrolysis 
of which yields alcohols. 
Ph2C=0 + Me^Al > (Ph2MeC0AlMe2)n 
When acidic ketones, i.e. those that show keto-enol tautomerism, are used, 
alkane evolution may become a side reaction, and the extent to vAiich 
alkane evolution i s observed i s a r e f l e c t i o n of the enolic character of 
the ketone. When somewhat branched chain aluminium alkyls are used, 
o l e f i n evolution from the al k y l groups and hydrogen transfer may become 
the side reaction. 
Et 
C - OAlEt„ 
II 2 
CH + Ethane 
) 
CH 
Et2C=0 + Et^Al n 
(Et-COAlEt„) J z n 
(Et2CHOAlEt2)^ + Ethylene 
This tendency i s inh i b i t e d by use of an excess of the organometallic 
compound. 
Et2C=0 + excess Et^Al > (Et^COAlEt^y)^. 
- 13 
48 Adkins and Scanby have found that a l k y l aluminium chlorides 
react with acid chlorides to give ketones. 
R^AICI + RCOCl > RAICI2 + R'COR 
Aliraiiniim t r i a l k y l s cannot be used for a smooth ketone synthesis 
because the f i r s t aluminium-carbon bond i s too reactive. The whole 
process would thus be complicated by the additional reaction between 
free aluminiim a l k y l and ketone. Alkylaluminium dichlorides also react 
with acid chlorides to give ketones. 
RAICI2 + R'COCl > RR'C;0 + AlCl^. 
Unlike the previous reactions, aluminium alkyls only add across the 
C N of a cyanide at elevated temperatures. A sample of phenyl cyanide-
3 8 " o trimethylaluminim adduct, PhCHN,AlMe2, only rearranges at 160-170 C. 
Unless excess organoaltaminitrai compound i s used, methyl- i s the only 
a l k y l group which w i l l add across a cyanide;'''^ other alkyl groups lose 
o l e f i n and hydride transfer occurs. 
PhCN,AlMe2 > (PhMeC=NAlMe2)2 ^^^^ 
I f i s " f38^ PhCN.AlEt^ > (PhHC=NAlEt2)2 + C2H^  ^ 
(14) 
H,C»,AlEt3 . AlEt3 ^ ; ^ ' ^ % ~ > 
Et 
46 
Aluminiimi alkyls also react with sulphur dioxide , dinitrogen 
49 14 tetroxide , and isocyanates etc. 
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The addition reactions of arylaliaminium compounds are similar 
to those of the t r i a l k y l s , but tend to occur less readily, and i n 
some cases are more complicated. The aryls have been shown to react 
50 51 52 38 with carbon dioxide , aldehydes and ketones, phenyl cyanide, ' 
and phenyl isocyanate. 
Reactions of other Group I I I alkyls with Unsaturated Compounds 
Only trimethylgallivmi has had any attention i n th i s f i e l d , 
53 
Trimethylgallium forms a weak coordination complex with methyl cyanide, 
but t h i s i s completely dissociated at |00°C, and no addition of the 
galliiam-methyl across the C N of the cyanide was observed at th i s 
temperature. Gentle pyrolysis of a mixture of acetone and trimethyl-
gallium gave quantitative methane evolution, with no t e r t i a r y butanol 
produced on hydrolysis. No attempted addition reactions of indium and 
thallium alkyls appear to have been reported. 
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Experimental Methods and Techniques 
Nitrogen Supply 
"White-spot" quality nitrogen available on the benches was p u r i f i e d 
by passage through a furnace containing reduced wire-form copper at ca. 
400°C and then through two traps at -196°C. Periodically, the copper was 
regenerated with hydrogen. 
Glove Box 
Samples of i n v o l a t i l e compounds for analysis, infrared spectra and 
nuclear magnetic resonance spectra were made up under nitrogen i n a glove 
box of the conventional type. The nitrogen was pu r i f i e d as described 
above, and the nitrogen inside the glove box was continuously recycled 
through the p u r i f i c a t i o n system by a small pump f i t t e d inside the box. 
Copper piping was used outside the box, to avoid the d i f f i c u l t y caused 
by the permeability of oxygen to P.V.C. tubing. 
Vacuimi System 
A vacuum system (Photograph 1) was constructed for the manipulation 
of many of the v o l a t i l e compounds used i n t h i s investigation. I t consisted 
essentially of three parts: (a) a storage section, (b) a fractionation 
section, and (c) a gas measurement section. 
The storage section consisted of 3-1 bulbs which were used for 
compounds gaseous at room temperature such as diborane and dimethylamine, 
PHOTOGRAPH I 
1 
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and several "cold fingers" which could contain up to 30-ml. of compound. 
These were used for the storage of less v o l a t i l e air-sensitive compounds, 
e.g. trimethyl gal livim. 
The fractionation section consisted of four straight-limbed U-traps 
which were both interconnected, and independently connected to the main 
manifold by mercury f l o a t valves. 
The gas measurement section was constructed i n two sections. A 
Topler pump was used to pump non-condensable gases into a calibrated bulb, 
and pressures were measured r e l a t i v e to a manometer beside the bulb. The 
bulb was calibrated by weighing the quantity of mercury needed to f i l l i t 
to an etched mark. The section for condensable gases consisted of a 3-
l i t r e bulb and cold finger joined by a mercury f l o a t valve to a 500-ml. 
bulb and cold finger. A single limb manometer was connected to the smaller 
section so that the gas could either be measured i n the smaller bulb alone, 
or i n the combined section. The bulbs were calibrated by condensing i n 
known amounts of carbon dioxide. The carbon dioxide was measured i n a 
bulb which had been calibrated by weighing the quantity of water needed to 
f i l l i t . 
Calibrations for the measurement section 
Volume of small Topier bulb = 13*62 c.c. 
Volume of combined Topler bulbs = 149*4 c.c. 
Volume of small standard bulb = 684*95 c.c. 
Volimie of combined standard bulbs = 4357*7 c.c. 
Internal diameter of the manometer = 10 mm. 
For 1 cm. drop on manometer, increase i n volume = 0*786 ccs. 
For 1 cm. drop on manometer, ri s e i n reservoir = 0*0368 cm. 
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A rotary o i l pximp backing a mercury diffusion pmp was used for 
evacuating the system. . A second rotary o i l pump was used for operation 
of the mercury f l o a t valves and the Topler pump. 
Construction throughout used exclusively mercury f l o a t valves, except 
at the i n l e t s , and at the pimips, where large-bore greased taps were used 
to isolate the pumps from each other and from a l i q u i d a i r trap used to 
prevent v o l a t i l e materials from going into the rotary o i l pvmip. 
Infrared Spectra 
Infrared spectra (range 2 to 25 microns) were recorded either on 
a Grubb-Parsons GS2A prism-grating spectrophotometer or Spectromaster; 
spectra i n the range 21-50 microns were recorded on a Grubb-Parsons DB3/DM2 
caesium iodide spectrophotometer. Samples of i n v o l a t i l e materials were 
i n the form of nujol mulls, l i q u i d films or cyclohexane solutions. Gases 
were recorded using a 10 cm. potassium bromide c e l l . Vapour-phase spectra 
of only s l i g h t l y v o l a t i l e compounds were obtained using a Perkin-Elmer 
heated gas c e l l with potassium bromide windows. 
Nuclear Magnetic Resonance Spectra 
Proton magnetic resonance spectra were recorded at 60 Mc./sec. on an 
A.E.I. RS2 or a Perkin-Elmer RlO spectrometer. Samples were either pure 
l i q u i d s or solutions i n carbon tetrachloride, benzene, cyclohexane, deutero-
methylcyclohexane or deutero-toluene. Tetramethylsilane was commonly 
used as the reference compound, but on occasions i t was necessary to use 
either benzene or cyclohexane. 
18 -
Boron ("B ;) nuclear magnetic resonance spectra were recorded" at 
19*75 Mc./sec. on a Perkin-Elmer RlO spectrometer. Samples were i n 
the form of approximately 10% toluene solutions, with trimethyl borate 
as an external reference. 
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Analytical Methods 
Carbon and Hydrogen Analysis 
Carbon and hydrogen analyses were carried out by combustion, by 
the departmental analytical group directed by Mr. T. Holmes. Carbon and 
hydrogen analysis on boron compounds were carried out by external 
professional analysts. (Dr. Weiler and Dr. Strauss, Oxford). 
Hydrolyses 
Organic groups attached to aluminium, and hydrogen attached to boron 
or aluminium, were determined by. hydrolysis and measurement of the hydro-
carbon or hydrogen evolved. V o l a t i l e compounds were condensed into a 
fla s k , weighed and then transferred on the vacuum li n e to another flask 
i n which they were subsequently hydrolysed. I n v o l a t i l e compounds were 
either transferred i n the glove-box, or, on the bench, under nitrogen. 
The compounds were hydrolysed with a few c.c. of de-aerated 2-methoxy 
ethanol followed by d i l u t e sulphuric acid. The bases evolved were passed 
through'a trap to remove any 2-methoxyethanol, and measured using the 
Topler pump. 
Aluminium Analysis 
The alvmiiniimi content of a compound was determined by the E.D.T.A. 
J 55 method. 
The whole of the solution l e f t after hydrolysing a sample containing 
about 0*020 gm. of aluminium was placed i n a large conical flask. The 
solution was evaporated almost to drjmess, and concentrated n i t r i c acid 
was added to destroy any organic matter. The solution was evaporated 
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almost to dryness, and the resulting white solid was dissolved i n a 
minimal amount of di l u t e sulphuric acid. I f organic matter s t i l l remained 
after the n i t r i c acid treatment (which was often the case with phenyl-
aliminivrai compounds), perchloric acid was added, and the evaporation 
procedure repeated. The sulphuric acid solution was made up to 500 ml. 
with d i s t i l l e d water. 
A 50 ml. aliquot of thi s was taken, and t i t r a t e d with approxinately 
0*2 N caustic soda, with B*D»H» 4*5 indicator, the end-point being a pale 
grey colour. A further 50 ml. aliquot was taken and the determined amount 
of the caustic soda solution was added. Then 10 ml., an excess, of O'Olm. 
EDTA. solution, a drop of Xylenol Orange solution and a few crystals of 
hexamine were added. The solution was warmed to 35°C and t i t r a t e d with 
0»01m. zinc acetate solution. The end-point was a sharp change from pale 
pink to a straw yellow. 
Gallium and iSdivmi Analysis 
Organo- gallium and -indium compounds are not completely hydrolysed by 
d i l u t e acids. Their derivatives were boiled for several hours with 
concentrated hydrochloric acid to effect complete cleavage of alkyl groups. 
The re s u l t i n g solution was evaporated almost to dryness, concentrated n i t r i c 
acid was added, and from t h i s point, the procedure followed was that 
used for aliminium determination. 
Thallitmi and Lithiimi Analysis 
The thallium and l i t h i u m compounds ^.prepared were rapidly hydrolysed 
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by water in t o dimethylthailiuf hydroxide and l i t h i u m hydroxide 
respectively. These are strong bases, and were consequently t i t r a t e d 
with 0*10 N sulphuric acid. 
Boron Analysis 
The sample was burned i n an apparatus described and i l l u s t r a t e d i n 
a P|i.D. thesis i n 1963 by Dr. J . Graham of thi s laboratory. 
The compound was weighed i n a small gelatine capsule f i l l e d i n the 
glove box. The amount used was up to 0*1 gm. A large (3 l i t r e ) 
dropping funnel was purged with oxygen, and 50 c.c. water placed i n i t . 
The gelatine capsule was placed i n a platinum gauge container attached 
to the stopper of the dropping funnel. A small piece of f i l t e r paper 
was used as a fuse. This was l i t and the stopper was.-, quickly placed 
i n the dropping funnel. After a few seconds, the compound burned with 
a bright green flame. When the combustion was complete, the dropping 
funnel was shaken to dissolve the combustion products. The contents were 
then rinsed in t o a flask, made up to a standard volume and t i t r a t e d against 
standard 0*1 N caustic soda i n the presence of mannitol with bromothyi;iol 
blue as indicator. 
Molecular Weights 
Molecular weights were determined cryoscopically i n benzene. 
Analytical grade benzene was dried over sodium wirerand was calibrated with 
biphenyl. A Beckmann apparatus of conventional type was used, and a l l 
measurements were taken while a slow stream of nitrogen was passed through 
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the apparatus. The optimum f r e e z i n g p o i n t depression was 0*15° and the 
s o l u t i o n was allowed t o supercool t o 0*1° below the true freezing p o i n t . 
Vapour phase molecular weights of very v o l a t i l e compounds were 
measured by f i l l i n g a c a l i b r a t e d bulb to a known pressure at room 
temperature, and weighing the compound i n the bulb. 
Vapour phase molecular weights of less v o l a t i l e compounds were 
measured using a high-temperature bulb attached to the vacuum system. 
This consisted of a bulb of known volume vAiich could be closed o f f by a 
mercury U-tube, which also acted as a manometer. The whole apparatus 
was immersed i n a f i v e l i t r e bath of o i l vdiich was heated e l e c t r i c a l l y . 
Known weights of compound were condensed i n t o the bulb, which was heated 
to about 20° above the temperature at which a l l the compound was i n the 
vapour phase. Corrections were made f o r the changing density and vapour 
pressure o f the mercury i n the manometer vAiich became s i g n i f i c a n t a t 
temperatures i n excess of 100°C. 
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Preparation o f S t a r t i n g M a t e r i a l s 
Dime thy Imer cury. b.p. 92°C. 
This was prepared by the r e a c t i o n of mercury ( I I ) c h l o r i d e w i t h 
methylmagnesium bromide. 
Magnesium turnings (125 g.) and dry ether (1»5 1.) were placed i n a 
f i v e - l i t r e three necked f l a s k , which had been prev i o u s l y purged w i t h pure 
n i t r o g e n . The f l a s k was f i t t e d w i t h a s t i r r e r , a pres s u r e - e q u i l i b r a t e d 
dropping funnel and a c o l d - f i n g e r condenser, maintained a t -78°C by an 
acetone/carbon dioxide mixture. The dropping funnel was cooled by 
surrounding i t w i t h crushed s o l i d carbon dioxide and was f i l l e d w i t h a 
s o l u t i o n o f methyl bromide (500 gm. ) i n ether (500 c . c ) . The r e a c t i o n 
was i n i t i a t e d w i t h 0*25 c.c. o f ethylene dibromide, and the methyl bromide 
added a t such a r a t e t h a t the s o l u t i o n r e f l u x e d g e n t l y . When a d d i t i o n was 
complete, the mixture was allowed t o r e f l u x f o r a f u r t h e r hour. 
The c o l d f i n g e r was replaced by a sintered-disc Soxhlet e x t r a c t o r w i t h 
a water condenser f i t t e d a t the top. Mercury ( I I ) c h l o r i d e (490 gm.) was 
placed on the s i n t e r e d d i s c , and was extracted i n t o the Grignard reagent by 
r e f l u x i n g the mixture, u n t i l e x t r a c t i o n was complete. The mixture was 
hydrolysed w i t h water, and the p r e c i p i t a t e d magnesium s a l t s were dissolved 
by the a d d i t i o n of concentrated hydrochloric a c i d . The ether layer was 
separated and the aqueous layer extracted w i t h two 500 ml. p o r t i o n s of 
ether. The combined ether e x t r a c t s were d r i e d by standing over anhydrous 
magnesium sulphate, and the bulk o f the ether was d i s t i l l e d o f f through a 
long f r a c t i o n a t i n g column, f i l l e d w i t h Fenske h e l i c e s . When the pieces of 
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por»us pot began t o f l o a t , the f r a c t i o n a t i n g colvmin was replaced by a 
smaller one, and a f t e r removal o f the remaining ether, the dimethylmercury was 
d i s t i l l e d as a colourless l i q u i d . A t o t a l of 273 gms. of dimethylmercury 
was obtained (70% y i e l d ) . 
Trimethy1gallivmi. b.p. 56°C. 
Trimethylgallixmi was prepared by the exchange r e a c t i o n between 
g a l l i u m metal and d i m e t h y l m e r c u r y . T h e r e a c t i o n was c a r r i e d out i n 
an a l l - g l a s s apparatus, v ^ i c h consisted of a 250 c.c. f l a s k t o which was 
attached an e f f i c i e n t f r a c t i o n a t i n g column, and a c o n s t r i c t e d side-arm. 
A side-arm a t the top of the coltmm l e d t o a ' c o l d - f i n g e r ' and a mercury 
c u t - o f f , which could be r a i s e d or lowered t o take o f f some t r i m e t h y l g a l l i u m 
from the top of the column. The apparatus was evacuated as f a r as possible 
and was then f i l l e d w i t h pure n i t r o g e n . A l l reactants were introduced 
i n t o the apparatus against a counter-current o f ni t r o g e n . 
Gallium metal (25 gm.) which had been pr e v i o u s l y washed from traces 
of grease w i t h b o i l i n g benzene, and mercury ( I I ) c h l o r i d e (0*1 gm. ) were 
placed i n the r e a c t i o n f l a s k and dimethylmercury (123*8 gm. ) was added by 
syringe through the c o n s t r i c t e d side-arm. The f l a s k and contents were 
cooled i n l i q u i d a i r , and the side-arm sealed o f f . The r e a c t i o n mixture 
was heated and dimethylmercury r e f l u x e d . A f t e r 36 hours, the temperature 
at the top of the column began t o drop and eventually reached 56°C. 
Fr a c t i o n s b o i l i n g between 55»5°C and 56'S^C were removed p e r i o d i c a l l y 
u n t i l the r e a c t i o n had gone t o completion. The t r i m e t h y l g a l l i u m was 
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d i s t i l l e d onto the vacuum l i n e f o r storage and no f u r t h e r f r a c t i o n a t i o n 
was found to be necessary. The y i e l d of t r i m e t h y l g a l l i u m was 37 gm. , 
corresponding to a y i e l d of 90% based on the amount of g a l l i u m metal used. 
T r i e t h y l g a l l i v m i . b.p. 142 •6°C 
T r i e t h y l g a l l i u m was prepared by the exchange r e a c t i o n between g a l l i i r a i 
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metal and die thy Imer cur y and by the r e a c t i o n of t r i e t h y l a l u m i n i u m w i t h 
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g a l l i u m c h l o r i d e . 
( a ) The r e a c t i o n between g a l l i i m i and diethylmercury was c a r r i e d out 
i n an evacuated sealed tube, f i t t e d w i t h a f r a g i l e tipped side-arm. 
Gallium metal (7»8 gm. ) , washed f r e e from traces of grease by b o i l i n g 
benzene, was placed i n the tube, and diethylmercury (43 gms.) was added 
by syringe. The tube was then attached t o the vacuum l i n e , cooled i n 
l i q u i d a i r , pumped out, and then sealed o f f . The tube was then placed 
i n an oven at 170°C f o r 4 days, and was subsequently opened, and the 
t r i e t h y l g a l l i u m d i s t i l l e d onto the vacuum l i n e where i t was stored. No 
f u r t h e r p u r i f i c a t i o n was necessary. The y i e l d was 16*6 g. 95% of theory. 
. ( b ) Galliimi c h l o r i d e (15 g.) and dry hexane (50 ml.) were placed 
i n a 250 c.c. three necked f l a s k , f i t t e d w i t h a s t i r r e r and a condenser. 
Tr i e t h y l a l u m i n i u m (30 g . ) , was slowly added by syringe, against a counter 
c u r r e n t of pure dry n i t r o g e n , and the mixture was then maintained at 70° 
f o r three hours. The hexane was d i s t i l l e d o f f through a short colvmin at 
atmosphere pressure, and the t r i e t h y l g a l l i u m was removed by d i s t i l l a t i o n 
a t reduced pressure. The product was f i n a l l y p u r i f i e d by a f r a c t i o n a l 
d i s t i l l a t i o n at atmospheric pressure. The y i e l d of t r i e t h y l g a l l i v r a i was 
8*5 g., 667o of theory. 
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Dlmethylaluminium hydride 
This was prepared by the r e a c t i o n of l i t h i u m aluminiimi hydride w i t h 
trimethylaluminivrai. 
A t h i c k - w a l l e d Pyrex tube w i t h a f r a g i l e tipped side-arm and a c o n s t r i c t e d 
neck was prepared, and was f i l l e d w i t h pure dry n i t r o g e n . L i t h i u m aluminium 
hydride (20 g . ) , dry cyclohexane (100 ml.) and trimethylalimiinitrai (20 g.) 
were introduced i n t o the tube against a counter f l o w of n i t r o g e n . The tube 
and contents were attached t o the vacuum l i n e , frozen down i n l i q u i d a i r , 
evacuated, and the tube was sealed o f f at the c o n s t r i c t i o n . The r e a c t i o n 
mixture was maintained at 70°C f o r 24 hours. The tube was then opened and 
the cyclohexane and dimethylalimiinium hydride d i s t i l l e ' d o f f , under vacuum, 
i n t o a two-necked storage f l a s k . The pure hydride i s a very viscous, h i g h l y 
r e a c t i v e and only s l i g h t l y v o l a t i l e l i q u i d and i s thus most conveniently 
stored as a cyclohexane s o l u t i o n . The concentration of the s o l u t i o n was 
determined by h y d r o l y s i n g a known volume of s o l u t i o n and measuring the 
mixture o f methane and hydrogen evolved. 
The y i e l d of product was 14 g., 85% of the q u a n t i t y expected from the 
amount of trimethyl-aluminixrai used. 
Diborane 
Diborane was prepared by several methods, and the best preparation was 
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by the r e a c t i o n of l i t h i v m i alimiinium hydride w i t h boron t r i f l u o r i d e ether, 
complexes. 
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The apparatus consisted of a three necked complex o n e - l i t r e f l a s k , f i t t e d w i t h 
a p r e s s u r e - e q u i l i b r a t e d dropping f u n n e l , a s t i r r e r , and a " c o l d - f i n g e r " 
condenser maintained at -78°C. The o u t l e t of the condenser was connected 
to three t r a p s , the f i r s t of which was cooled t o -78°C. by an acetone/carbon 
dio?^ide slush bath, and the others were cooled i n l i q u i d a i r . The vAiole 
apparatus was purged out w i t h pure, dry n i t r o g e n , and the reactants were 
introduced i n t o the apparatus against a counter-current of n i t r o g e n . 
L i t h i m aluminivrai hydride (10 g . ) , and sodiimi d r i e d ether (300 c.c.) were 
placed i n the f l a s k , and boron t r i f l u o r i d e d i e t h y l ether complex (100 g.) 
was s l o w l y added from the dropping funnel i n t o the mixture. Diborane was 
immediately evolved, and care was necessary to avoid blocking the traps. 
When the a d d i t i o n was complete, the f l a s k was warmed to d r i v e a l l the diborane 
i n t o the t r a p s . Almost a l l of the diborane stopped i n the f i r s t l i q u i d a i r 
t r a p . The diborane was f r e e d from traces of ether by attaching the trap to 
the vacuum l i n e and t r a p p i n g out the ether i n a t r a p cooled by a pentane slush 
bath (-131°C), and a l l o w i n g the diborane to pass on i n t o a t r a p cooled by 
l i q u i d a i r . The diborane prepared i n t h i s way contains a very small amount 
of e t h y l f l u o r i d e as i m p u r i t y 3*5 l i t r e s of gaseous diborane were obtained, 
90% of theory. 
Two other methods f o r the preparation o f diborane were t r i e d , and both 
gave y i e l d s i n f e r i o r t o the method chosen. The f i r s t was the r e a c t i o n of 
soditmi, borohydride w i t h boron t r i f l u o r i d e d i e t h y l e t h e r complex, i n diglyme, 
and the other was the r e a c t i o n of iodine w i t h sodium borohydride, also i n 
diglyme. I n both cases, r a t h e r large q u a n t i t i e s of hydrogen appeared to be 
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formed. The sodixmi borohydride was reasonably pure. Acid h y d r o l y s i s 
caused e v o l u t i o n of 91% of the c a l c u l a t e d q u a n t i t y of hydrogen. 
Dime thy1 amine 
Pure dimethylamine can be obtained from a commercial sample, by 
conversion of the l a t t e r i n t o dimethyl-N-nitrosamine w i t h subsequent 
h y d r o l y s i s back to the amine. 
Dimethyl-N-nitrosamine (10 g.) were r e f l u x e d f o r 12 hours w i t h 
concentrated h y d r o c h l o r i c a c i d (50 c . c ) , and a f t e r d i s t i l l i n g o f f most of 
the a c i d , the s o l u t i o n o f the amine hydrochloride was allowed t o f a l l onto 
potassium hydroxide p e l l e t s . The l a t t e r were contained i n an evacuated f l a s k , 
and the f r e e amine was condensed onto more potassium hydroxide p e l l e t s i n a 
r e c e i v i n g f l a s k cooled t o -78°C. The amine was then d i s t i l l e d onto the 
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vacuum l i n e through two traps cooled to -78 C and stored i n a three l i t r e 
bulb. The volimie of dimethylamine obtained was about 2*51, corresponding to 
a y i e l d of about 85% 
Dime thy1aminob orane 
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This was prepared by the method described by Burg and Randolph. 
Diborane (240 c.c.) was condensed onto dimethylamine (480 c.c.) 
contained i n a f l a s k attached t o the vacuum l i n e . The f l a s k and contents were 
allowed t o warm up to 20°C, and were pumped b r i e f l y to remove any s l i g h t 
excess of e i t h e r diborane or dimethylamine. Pure n i t r o g e n was then admitted 
i n t o the vacuvrai l i n e , through a needle valve, u n t i l the pressure f e l l to 
400 mm.Hg. The r e a c t i o n mixture was then heated and maintained at 130°C. 
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L i q u i d tended t o r e f l u x , but as the hydrogen was given o f f , the product 
sublimed out of the f l a s k , and was p u r i f i e d by a vacum l i n e f r a c t i o n a t i o n . 
Y i e l d = 1»04 g. 85% of theory. 
M e t h y l l i t h i v m i 
Methyl l i t h i u m was prepared by the r e a c t i o n of methyl c h l o r i d e w i t h 
l i t h i u m metal, i n ether as solvent. The methyl c h l o r i d e was supplied 
under pressure i n a c y l i n d e r . The apparatus consisted of a one l i t r e 
three-necked f l a s k f i t t e d w i t h a s t i r r e r , a cold f i n g e r condenser maintained 
at -78°C, and an i n l e t f o r the methyl c h l o r i d e . A flow-meter was used to 
t e l l approxina t e l y the r a t e of passage of the methyl c h l o r i d e . The c y l i n d e r 
was weighed before and a f t e r the experiment. The l i t h i u m was supplied as 
l i t h i u m shot, and was i n the form of a heavy suspension i n o i l . The o i l 
was washed o f f w i t h hexane before use. The agaratus was purged w i t h pure 
nit r o g e n before s t a r t i n g the experiment. 
• Lithivmi shot (7*0 g.) and ether 500 c.c.) were placed i n the r e a c t i o n 
f l a s k . Methyl c h l o r i d e (51 g.) was passed i n t o the r e a c t i o n mixture over a 
p e r i o d of 5 hours. The r e a c t i o n s t a r t e d immediately. When the a d d i t i o n 
was complete, the r e a c t i o n mixture was allowed to s t i r f o r 12 hours and then 
the s o l u t i o n of m e t h y l l i t h i u m was f i l t e r e d from l i t h i u m c h l o r i d e and unreacted 
l i t h i u m metal. The m e t h y l l i t h i u m was stored and used as the ether s o l u t i o n . 
I t was analysed by ac i d h y d r o l y s i s w i t h siteequent measurement of the methane 
evolved, and was found t o be 1*07 molar i n d i c a t i n g a y i e l d of approximately 
90%. 
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Tr ime thy1tha11ium 
T r i m e t h y l t h a l l i u m was prepared by the r e a c t i o n of t h a l l o u s iodide and 
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methyl i o d i d e w i t h m e t h y l l i t h i u m . 
The apparatus consisted of a three-necked 500 ml. f l a s k f i t t e d w i t h a 
s t i r r e r , water condenser and a pr e s s u r e - e q u i l i b r a t e d dropping funnel. Methyl 
io d i d e (7*1 g . ) , t h a l l o u s iodide (16*5 gm.), and soditmi d r i e d ether (100 ml.) 
were placed i n the f l a s k , and m e t h y l l i t h i i m i (93*4 c.c. of 1*07 molar ethereal 
s o l u t i o n ) was placed i n the dropping funnel. The methyllium was added 
slowly, each drop producing an i n i t i a l black p r e i c p i t a t e of f i n e l y d i v i d e d 
t h a l l i u m metal which reacted w i t h the methyl i o d i d e . When a d d i t i o n was 
complete, the ether was d i s t i l l e d i n vaccuo, together w i t h the t r i m e t h y l -
t h a l l i v m i , i n t o a two-necked f l a s k cooled i n l i q u i d a i r . The t r i m e t h y l -
thallitom was conveniently stored and used as t h i s ethereal s o l u t i o n , which 
was c a l i b r a t e d by a c i d h y d r o l y s i s , the r e s u l t i n g methane being measured w i t h 
a Topler pump. The s o l u t i o n was found t o be 0*69 molar, and t h i s corresponded 
t o a y i e l d of about 707o. 
Tr ime thvi^boron 
Trimethylboron was prepared by the r e a c t i o n of methylmagnesivmi bromide 
w i t h boron t r i f l u o r i d e ^ J ^ e t h e r complex. 
The apparatus consisted of a one l i t r e three-necked f l a s k f i t t e d w i t h 
a s t i r r e r , a. p r e s s u r e - e q u i l i b r a t e d dropping funnel and a'cold f i n g e r ' condenser. 
The o u t l e t of the condenser was connected to two tr a p s , the f i r s t of which 
,o. 
wa s cooled t o -78 C by an acetone/carbon dioxide slush bath, and the second 
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was cooled i n l i q u i d a i r . The apparatus was purged out w i t h pure n i t r o g e n 
before the preparation was s t a r t e d . 
The Grignard reagent MeMgBr from magnesium (9*0 g.) and methyl 
bromide (35 g.) i n ether (250 m l . ) , was prepared as i n the preparation of 
dime thy Imer cury. The mixture was then allowed to s t i r f o r 30 minutes 
a f t e r which time, boron t r i f l u o r i d e ether complex (30 g.) was added. Each 
drop caused immediate e v o l u t i o n of trim e t h y l b o r o n , most of which c o l l e c t e d 
i n the l i q u i d a i r t r a p . The product was p u r i f i e d by passing through a 
tr a p cooled by a carbon disulphide slush bath (-110°C) t o remove ether, 
i n t o a t r a p cooled by a pentane slush bath (-135°C) t o c o l l e c t the t r i -
methylboron. More v o l a t i l e i m p u r i t i e s were pumped away, and the f i n a l 
y i e l d , o f pure t r i m e t h y l b o r o n w a s ~ 2*5 l i t r e s , corresponding to a y i e l d o f 
89%. 
Gallium c h l o r i d e 
Gallium c h l o r i d e was prepared by the r e a c t i o n of g a l l i t m i metal w i t h 
c h l o r i n e gas, d i l u t e d by dry n i t r o g e n . 
The apparatus consisted of a long, t h i c k - w a l l e d pyrex tube j o i n e d 
by a c o n s t r i c t e d side arm t o a one-necked 500 ml. f l a s k . The o u t l e t of the 
f l a s k was f i t t e d w i t h a long chimney which l e d to a heavy white o i l bubbler. 
G a l l i m metal, (20 g.) was placed i n the tube, and the whole apparatus 
was purged w i t h n i t r o g e n . A slow stream of ch l o r i n e was then allowed t o 
pass w i t h . t h e n i t r o g e n , and the gallivmi metal was warmed, u n t i l i t began 
t o burn i n the c h l o r i n e . The g a l l i t m c h l o r i d e sublimed along the tube. 
L 
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through the c o n s t r i c t i o n i n t o the f l a s k . When the r e a c t i o n was complete, 
the f l a s k was sealed o f f from the tube, a t the c o n s t r i c t i o n . The product 
was t r a n s f e r r e d t o the apparatus shown i n F i g . J , the apparatus was 
evacuated and sealed o f f at the c o n s t r i c t i o n and the gallivmi c h l o r i d e was 
sublimed i n t o the ampoules. The y i e l d was 47*5 gms., 95% of theory. 
A . • 64 Acetoxune 
Hydroxylamine hydrochloride (50 g.) was dissolved i n water (100 ml.) 
and a s o l u t i o n of sodiimi hydroxide (30 g.) i n water (100 ml.) was added. 
The s o l u t i o n was cooled t o 0°C and acetone (60 g.) was added slowly w i t h 
shaking. On c o o l i n g , acetoxime c r y s t a l l i s e d out, and was p u r i f i e d by 
r e c r y s t a l l i s a t i o n from cyclohexane. The y i e l d of p u r i f i e d acetoxime was 
25 g. 
The trimethy1aluminium used was a g i f t from Ethyl Corporation, 
supplied i n c y l i n d e r s , each containing 1/2 l b . The a l k y l was p u r i f i e d by 
d i s t i l l a t i o n , and was stored under n i t r o g e n i n a two-necked f l a s k f i t t e d 
w i t h t e f l o n sleeves. 
The tr i e t h y l a l i a m i n i u m was also a g i f t from Borax Consolidated L t d . , 
and was p u r i f i e d and stored as f o r trimethylalxminiirai. 
Triphenylalimiinium etherate had been prepared by the r e a c t i o n of 
p h e n y l l i t h i i m i w i t h aluminium c h l o r i d e i n ether, and was p u r i f i e d by 
r e c r y s t a l l i s a t i o n from toluene. 
Dimethylalimiinium c h l o r i d e was prepared by Mr. M. Tranah, by the 
d i s t i l l a t i o n of methylaluminium sesquichloride to which sodium c h l o r i d e 
had been added. 
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Diethylmercury was prepared (by Mr. A. Heslop) by the r e a c t i o n of 
ethylmagnesium bromide w i t h mercury ( I I ) c h l o r i d e and was p u r i f i e d by 
f r a c t i o n a l d i s t i l l a t i o n . 
Trimethylindium was prepared by Dr. 0. T. Beachley by the r e a c t i o n 
of an indium-magnesivmi a l l o y w i t h methyl c h l o r i d e i n e t h e r . T h e ether 
was removed by f r a c t i o n a l d i s t i l l a t i o n w i t h benzene, and the trimethylindivmi 
was stored i n small ampoules. 
The boron t r i c h l o r i d e was supplied i n a c y l i n d e r and was used without 
f u r t h e r p u r i f i c a t i o n . 
Diphenyl ketimine was prepared by Mr. I . P a t t i s o n by methanolysis 
of the product from the r e a c t i o n between phenylmagnesium bromide and phenyl 
cyanide, and was p u r i f i e d by vacuxim d i s t i l l a t i o n . 
Hydrogen cyanide had been prepared by the r e a c t i o n of strong sulphuric 
a c i d w i t h potassium cyanide, and was p u r i f i e d by f r a c t i o n a l d i s t i l l a t i o n . 
Phenyl and a l k y l cyanides were p u r i f i e d by f r a c t i o n a l d i s t i l l a t i o n 
from phosphorus pentoxide. 
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Hydroboration reactions of Methyl Cyanide 
Reaction of methyl cyanide w i t h diborane 
This r e a c t i o n was c a r r i e d out several times w i t h minor m o d i f i c a t i o n . 
A t y p i c a l experiment i s described below. 
Diborane, generated from sodium borohydride (28 gm.) and boron 
t r i f l u o r i d e d i e t h y l ether complex (128 gm.) i n diethylene g l y c o l dimethyl 
ether (300 m l . ) , was c a r r i e d i n a stream of n i t r o g e n i n t o methyl cyanide 
(44 gm.) maintained a t i t s b o i l i n g p o i n t by a water bath. Any unreacted 
diborane was destroyed by passing the e x i t gases from the r e a c t i o n through 
an acetone t r a p , and gases passing through the acetone were trapped out 
i n l i q u i d n i t r o g e n ( F r a c t i o n I ) . The v o l a t i l e m a t e r i a l s from the r e a c t i o n 
were pumped i n t o the vacuum l i n e through a series of three traps cooled 
r e s p e c t i v e l y to -46°C, -96°C and -196°C. F r a c t i o n I I passed slowly 
through the t r a p a t -96°C (m e l t i n g toluene) and was c o l l e c t e d i n the trap 
cooled by l i q u i d n i t r o g e n (-196°C). F r a c t i o n I I I passed through the trap 
a t -46°C (m e l t i n g chlorobenzene) and was c o l l e c t e d i n the trap maintained 
a t -96°C. F r a c t i o n IV was c o l l e c t e d i n the t r a p maintained at -46°C. 
F r a c t i o n V d i s t i l l e d a t 60°C and 0*01 m.m. Hg pressure from the residue, 
and F r a c t i o n V I was a yellow glue, i n v o l a t i l e up to 150°C. 
F r a c t i o n I was i d e n t i f i e d by i t s i n f r a r e d spectrum as ethylene. Some 
acetone, also i d e n t i f i e d by i t s vapour-phase i n f r a r e d spectrum, was found 
i n t h i s t r a p , and a f t e r f r a c t i o n a t i o n , the y i e l d of ethylene was found to 
be 10 c.c. measured at N.T.P. 
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F r a c t i o n I I was i d e n t i f i e d by i t s i n f r a r e d spectrum and vapour-phase 
molecular weight as d i e t h y l ether, which had been c a r r i e d over from the 
boron t r i f l u o r i d e - d i e t h y l ether complex by the diborane. The q u a n t i t y 
of d i e t h y l ether c o l l e c t e d v a r i e d considerably from one experiment to 
another but was u s u a l l y about 0*5 gm. 
F r a c t i o n I I I , 'about 0*4 g. , was found to be diethylr-Iaminodiborane 
Et2NB2H^. Early samples were contaminated by' d i e t h y l ether and N-
ethylborazines seen t o be present from t h e i r i n f r a r e d and n.m.r. spectra, 
and a n a l y t i c a l f i g u r e s were accordingly i n poor agreement w i t h those 
r e q u i r e d f o r Et^NB^H^. [Found: B, 21*2; hydrolysable H, 3*6%; M (vapour 
d e n s i t y ) 99, 105. Calculated f o r C^Hj^^B^N B, 21*8; hydrolysable H, 5*1%; 
M, 9 9 ] . I n l a t e r experiments, repeated trap to t r a p d i s t i l l a t i o n of t h i s 
f r a c t i o n g a v e 5 0 m.g. o f e s s e n t i a l l y pure diethylaminodiborane, 
s p e c t r o s c o p i c a l l y t j n d i s t i n g u i s h a b l e from an authentic sample prepared from' 
diethylamine and diborane. ^m^x ^^^P°"^ phase, 2 cm. Hg. pressuE, KBr 
c e l l ) . 3373m, 2985vs, 2950s, 2899s, .2541vs, 2478vs, 2404m, 2370m, 1923m, 
1880s, 1634vs, 1555m, 1473sh, 1457sh, 1449vs, 1387w, 1344s, 1305s, 1201sh, 
1193VS, 1142sh, 1133s, 1072sh, I067vs, 958sh, 953vs, 891s, 792s, 715s, cm"''-. 
The mass spectrum of the diethylaminodiborane was recorded and accurate 
masses measured f o r the major peaks i n the spectrum. The i m p u r i t i e s present' 
gave r i s e t o spurious peaks, and the accurate masses of these peaks showed 
them t o o r i g i n a t e from N ethylborazines. The mass spectroscopic data 
r 
f o r the major peaks of d i e t h y l k i i n o d i b o r a n e are given i n Table V. Peaks 
due t o the ''"^B isotope are ignored. 
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TABLE V 
Fragment Experimental Mass 
Calculated 
Mass 
Error 
(p.p.m.) I n t e n s i t y 
Vl4«2^ 98*13177 • 98*13123 5*5 6*4 
C^H^2^N 85*10566 85*10628 7*3 31*5 
C4H11BN 84*09923 84*09846 9*1 66*4 
C3H9BN 70 '08292 70*08281 1*6 100 
C^HgB^N 68*08564 68*08429 19*9 very weak 
C^ H^ BN 68*06784 68*06716 10*0 43*7 
C2H5BN 54*05114 54*05151 7*6 30*0 
CH^BN 40*03589 40*03585 1*0 30*9 
The proton magnetic resonance spectrum was recorded i n benzene 
s o l u t i o n , w i t h t e t r a m e t h y l s i l a n e as i n t e r n a l reference. The r e s u l t s 
obtained are shown i n Table V I . 
TABLE VI 
M u l t i p l i c i t y Assignment J (c.p.s.) 
Peak 1 T r i p l e t C-CH^  8.9^ 7*2 
Peak 2 Quartet N-CH -C 2 
7*2 
2 
' 7'2 
Peak 3 Quartet B-H 127 
r T.M.S. = 10*00 
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The ''''''B muclear magnetic resonance spectrum was recorded i n toluene 
s o l u t i o n , w i t h t r i m e t h y l b o r a t e HS i n t e r n a l reference compound. A t r i p l e t 
of doublets was obtained 36'8 p.p.m. to high f i e l d of the reference w i t h 
J ( t r i p l e t ) = 130 c.p.s. and j ( d o u b l e t ) = 31 c.p.s. 
Preparation of diethylaminodiborane and ethylaminodiborane.^^ 
Diborane (224 N c . c , 10 m.mole) was condensed onto diethylamine 
(.0*73 gra., 10 m.mole) i n a glass vessel which was sealed o f f from the vacuum 
l i n e . The mixture was heated at 90°C i n an oven f o r 24 hours and was then 
opened onto the vacuum l i n e . The r e a c t i o n mixture was passed through a 
t r a p at -64°C i n t o a t r a p at -96°C, and anything v o l a t i l e a t -96°C was pumped 
away. The bulk of the product c o l l e c t e d i n the t r a p at -96°C and the i n f r a r e d , 
nuclear magnetic resonance and mass spectra were i d e n t i c a l w i t h t h a t o f the 
unknown compound. 
Ethylaminodiborane was prepared by an i d e n t i c a l method, and the spectra 
o f t h i s compound were a l l s i g n i f i c a n t l y d i f f e r e n t from those of d i e t h y l a m i n i -
diborane. The i n f r a r e d spectrum, vapour phase, showed bands at 3401s, 2976s, 
2903m, 2538vs, 2475vs, 2341w, 1905m, 1635vs, 1572w, 1422v,br, 1278w(P,Q,R.), 
1183VS, 1170vs, l i e i v s , 1152vs, l l 3 4 s h , llOOvs, 1093vs, 1087sh, 1058sh, I053vs, 
1043sh, 946vs, 795m,br, .717m,br. cm"''". 
The proton magnetic resonance spectrum was recorded i n benzene s o l u t i o n , 
w i t h t e t r a m e t h y l s i l a n e as i n t e r n a l reference. The r e s u l t s obtained are 
shown i n Table V I I . The peak due t o N-H was not seen. 
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TABLE V I I 
M u l t i p l i c i t y Assignment r « J. c.p.s. 
Peak 1 T r i p l e t C-CH^ . 8'79 7*2 
Peak 2 Poorly defined 
Quarter 
N-CH^ -C 7*32 -
Peak 3 Quartet BH 8'SI 128 
^ T.M.S. = lOrOO 
The '^''B nuclear magnetic resonance spectrinn was recorded i n toluene 
s o l u t i o n , w i t h t r i m e t h y l borate as i n t e r n a l reference compound. A t r i p l e t 
of doublets was obtained 41*5 p.p.m. to high f i e l d of the reference w i t h 
J ( t r i p l e t ) = 129 c.p.s., and j ( d o u b l e t ) = 29 c.p.s. 
Fr a c t i o n s I V . V and V I 
F r a c t i o n I V was found to be N t r i e t h y l b o r a z i n e . Found: C , 45* 7 1 ; 
H, 11'54 and B, 19'837,. Calculated f o r CgH^^B^N^, C, 43 * 8 ; H, 11*2; and 
B, 19'707o, 
Crude samples of t h i s f r a c t i o n apparently contained N-diethylborazine, 
as revealed by a weak N-H s t r e t c h i n g band i n t h e i r i n f r a r e d specti-a at 
3400 cm"''') and also by the presence of small q u a n t i t i e s of ammonia on 
a l k a l i n e h y d r o l y s i s . 
F r a c t i o n V , a colourless viscous l i q u i d , was not f u l l y characterised. 
The a n a l y t i c a l f i g u r e s obtained were as f o l l o w s : C, 45* 7 8 ; H, 10,34; 
B, 17*40; N, 26'4370. M(cryoscopic i n benzene) 314, 260, 280. These f i g u r e s 
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except f o r the molecular weight, are i n good agreement w i t h (Et^N2B^H2)2NEt 
which r e q u i r e s C, 45*24; H, 10*58; B, 17*47; and N, 26*397o; M, 372. The 
i n f r a r e d spectrum ( l i q u i d f i l m ) shows the f o l l o w i n g peaks. 2967vs, 2915s, 
2882s, 2469s,br, a region of very strong almost continuous absorption from 
1500-1400, 1372VS, 1350vs, 1333vs, 1302vs, 1253vs, 1238s, 1208m, 1190s, 
1135s, 1117s, 1101s, 1079s, 1022m, 988w, 888vs, 805m, 714m, 695m cm"-^ . 
A l k a l i n e h y d r o l y s i s gave ethylamine, ammonia and hydrogen. 
A p r e l i m i n a r y mass spectroscopic i n v e s t i g a t i o n does not support the 
fo r m u l a t i o n of t h i s f r a c t i o n as (Et2N^B2H2)2NEt as discussed l a t e r . 
F r a c t i o n V I was a y e l l o w glue, whose i n f r a r e d spectrvim was very s i m i l a r 
t o t h a t of F r a c t i o n V, but the bands were much less w e l l defined. No 
a n a l y t i c a l f i g u r e s were obtained, but q u a l i t a t i v e a l k a l i n e h y d r o l y s i s y i e l d e d 
ethylamine, ammonia and hydrogen. 
Reaction of methyl cyanide w i t h N - t r i e t h y l b o r a z i n e . 
N - t r i e t h y l b o r a z i n e (1*7755 gm. 10*76 m.mole) and methyl cyanide 
(0*4719 gm. 11*50 m.mole) were heated i n a sealed tube at 150° f o r 3 hours. 
Methyl cyanide (0*4696 gm. , 99 *57o recovery) and N - t r i e t h y l b o r a z i n e (1*4385 gm, 
81*0% recovery) were recovered w i t h an u n i d e n t i f i e d gas (32*75 c.c. 1*46 m. 
mole) on opening the tube. The i n v o l a t i l e residue had an i n f r a r e d spectrum 
i d e n t i c a l t o t h a t of the product from the thermal decomposition of N-
t r i e t h y l b o r a z i n e . A repeat experiment, at 40°C i n the presence of d i e t h y l 
ether also gave q u a n t i t a t i v e recovery of methyl cyanide. 
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Reaction of ethylamine w i t h N - t r i e t h y l b o r a z i n e . 
I n a p r e l i m i n a r y experiment, ethylamine (88'3 N c . c , 3*94 m. mole) was 
condensed onto N - t r i e t h y l b o r a z i n e (1*3 gm., 7*9 m.mole) i n a tube which was 
sealed o f f from the vacuum l i n e . A f t e r heating at 75°C f o r three hours, 
hydrogen (63*8 c . c , 2*85 m.mole), ethylamine (0*3 73gm. , 3*05 m.mole) and 
N - t r i e t h y l b o r a z i n e (0*9 gm. , 5*45 m.mole) were recovered, on opening the tube. 
Ethylamine (88*3 N c . c , 3*94 m.mole) was condensed onto N - t r i e t h y l b o r a z i n e 
(1*2843 gm. , 7*78 m.mole) i n a tube which was sealed o f f from the vacuvrai l i n e . 
A f t e r h eating at 180°C f o r twelve hours, hydrogen (89*6 N c.c. 4*0 m.mole), 
ethylamine (43*9 N c.c. 1»96 m.mole) and N - t r i e t h y l b o r a z i n e (1*041 gm. , 6*31 
m.mole) were recovered on opening the tube. The i n f r a r e d spectrum of the 
i n v o l a t i l e residue had features i n common w i t h the i n f r a r e d spectrum of 
F r a c t i o n V from the r e a c t i o n of methyl cyanide w i t h diborane. An a d d i t i o n a l 
very s t r o n g , sharp absorption was present i n the 3400 cm 1 region, which 
was i n the region c h a r a c t e r i s t i c at N-H s t r e t c h i n g v i b r a t i o n s . 
Reaction of methyl cyanide w i t h trimethylamineborane Me2N2BH2. 
Diborane (174*5 N c.c,, 7*785 m.mole), and trimethylamine (349 N c.c, 
15*6 m.mole) were condensed onto methyl cyanide (0*319 gm., 7*8 m.mole) i n 
a tube which was sealed o f f from the vacuvmi l i n e . j.No r e a c t i o n had occurred 
a f t e r two weeks at room temperature, and the methyl cyanide was recovered 
almost q u a n t i t a t i v e l y a f t e r heating at 70°C f o r one hour. 
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Reaction of methyl cyanide w i t h dimethylaminoborane (Me2NBH2)2. 
Dimethylaminoborane (0*3641 gm., 3*20 m.mole) and methyl cyanide 
(0*2877 gm. , 7*0 m.mole) were heated together at 60°C f o r twelve hours i n 
a sealed tube. There was no r e a c t i o n , and the s t a r t i n g compounds were 
recovered unchanged, i n 987o y i e l d . The r e a c t i o n was repeated, using ether 
as s o l v e n t , w i t h the same r e s u l t . 
Reaction of methyl cyanide w i t h dichloroborane HBCI2. 
The dichloroborane (55*4 mole) was prepared " i n s i t u " by allowing 
diborane (205*7 N c . c , 9*18 m.mole) to e q u i l i b r a t e w i t h boron t r i c h l o r i d e 
(829 c . c , 37*0 m.mole) i n the presence of diethyl^cyanide (2*257 gm. , 
55*05 m.mole) was then condensed i n t o the r e a c t i o n vessel, and the mixture 
allowed t o warm slowly t o room temperature. A f t e r twelve hours at room 
temperature, the v o l a t i l e m a t e r i a l s were pumped away leaving an i n v o l a t i l e 
residue. Methyl cyanide - boron t r i c h l o r i d e adduct MeCN, BCl^, i d e n t i f i e d 
by i t s I.R. spectrum and m e l t i n g p o i n t , was sublimed from the residue and 
a c o l o u r l e s s l i q u i d could be d i s t i l l e d i n vacuo, leaving a yellow i n v o l a t i l e 
glue. The i n f r a r e d spectrum of the l i q u i d showed broad intense absorption 
at 7 1^ , c h a r a c t e r i s t i c of borazine r i n g v i b r a t i o n s . The f o l l o w i n g 
a n a l y t i c a l f i g u r e s were obtained: B, 13*49; C l , 29*66; hydrolysable H, 0*227,. 
Calculated f o r Et^N^B^Cl^. B, 12*1, C l , 39*8; hydrolysable H, 07o. 
Calculated f o r Et^N2B^HCl2. B, 14*2; C l , 30*0; hydrolysable H, 0*437o. 
Hydrolysis of the yellow glue y i e l d e d hydrogen c h l o r i d e gas, hydrogen, 
ethylamine and ammonia. 
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Reaction of methyl cyanide w i t h monochlorborane, H2BCI. 
The monochloroborane (51*7 m.mole) also was prepared " i n s i t u " by 
a l l o w i n g diborane (385*3 N c.c, 17*2 m.mole) t o e q u i l i b r a t e w i t h boron 
t r i c h l o r i d e (387*5 N c.c, 17*3 m.mole) i n the presence of d i e t h y l ether 
(10 c.c.) over a peri o d of two hours. Methyl cyanide (2*103 gm., 51*3 
m.mole) was condensed i n t o the r e a c t i o n vessel, and the mixture allowed t o 
warm slowly t o room temperature. A f t e r eighteen hours at room temperature, 
the v o l a t i l e m a t e r i a l s were pumpedaway, leaving a viscous residue. When 
t h i s residue was heated at 90°, under vacuum, a very small q u a n t i t y of 
methyl cyanide-boron t r i c h l o r i d e adduct was obtained. The i n f r a r e d spectrum 
of the residue showed absorptions at 2400, -^2300, •^1650 and ~ 1450 ci i i ^ , 
which can be assigned t o B-H, C =N, C=N s t r e t c h i n g and borazine r i n g 
v i b r a t i o n s r e s p e c t i v e l y . A l k a l i n e h y d r o l y s i s y i e l d e d hydrogen, and an 
approximately equimolar mixture of ammonia and ethylamine. 
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Reactions of organoalimiiniijm compounds w i t h cyanides 
Reaction.of t - b u t y l cyanide w i t h trimethylalimiinium 
The adduct Bu*'CN, AlMe^, m.p. 61°, . was conveniently prepared by 
t r e a t i n g t - b u t y l cyanide w i t h an excess of trim e t h y l a l i m i i n i i m i a t -78°, 
al l o w i n g the mixture t o warm t o room temperature, and removing r e s i d u a l 
t rimethylaluminium by pumping. I t was p u r i f i e d by vacuum sublimation 
at 55-60°. [Found: 17*1; hydrolysable methyl, 29*2%; M, 165. 
max CgHj^gAlN re q u i r e s A l , 17*4; hydrolysable methyl, 29*07=,; M, 155]; v 
ijbenzene s o l u t i o n , 450-200 cm""*". ) 412m, 262s, 240s cm""*". 
Thermal decomposition of Bu^ 'CN, AlMe^. When a sample of the adduct 
was heated at 150° f o r 3 h r s . i t rearranged v i r t u a l l y completely t o the 
alkylideneamino d e r i v a t i v e , (Bu''CMe:N*AlMe2)2 m.p. 113°, p u r i f i e d by vacuxmi 
sublim a t i o n a t 110-120°, only a trace of i n v o l a t i l e residue remaining. 
[Found: A l , 17*5; C, 61*3; H, 11*6%; M, 340. C^^E^^Al^^ii^ requires 
A l , 17*4; C, 61*9; H, 11*7%; M, 310]; v ( n u j o l m u l l ) 1629vs, 1269w, 
1192s, 1136s, 1035w, 971w, 943w, 909w, 844w, 776m, 734vs, 684vs, 582w, 
546m, 512m, 448s, 394s, 364s, 312s cm"''". The compound suffered only s l i g h t 
surface decomposition on exposure to a i r , and was hydrolysed only very slowly 
by d i l u t e s u l p h u r i c a c i d , so tha t the h y d r o l y s i s method was not convenient 
f o r i t s a n a l y s i s . I t was e f f e c t i v e l y unchanged a f t e r being heated a t 
280° f o r 2 hrs. under n i t r o g e n , and d i d not react f u r t h e r w i t h t r i m e t h y l -
aluminixmi a t t h i s temperature. 
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Reaction of t - b u t y l cyanide w i t h t r i e t h y l a l i r n i i n i t m 
Equimolar q u a n t i t i e s of t - b u t y l cyanide and tr i e t h y l a l u m i n i v m i reacted 
e x o t h e r m i c a l l y a t room temperature t o form the l i q u i d adduct Bu'"CN, A l E t ^ , 
which could be d i s t i l l e d unchanged at 70° under vacuum. [Found: A l , 13*8; 
hydrolysable e t h y l , 43 * 67o. C^^H^^Am requires A l , 13*7; hydrolysable e t h y l , 
44*2]; V (benzene s o l u t i o n 450-200 cm""*".); 438s, 412s, 366w, 336m(br), 
in.3.x 
272m(br), 228w cm"-"-. 
Thermal decomposition of Bu*'CN, AlEt^. Samples of adduct were 
unchanged when heated at 125-135° f o r several hours, but at 155-160° during 
5 h r s . there was smooth e v o l u t i o n of ethylene ( 1 mol per mol adduct), the 
product being a l i q u i d which could be d i s t i l l e d a t 82° under vacuum and 
v ^ i c h was i d e n t i f i e d as neopenty1ideneaminodiethylalimiinium dimer, 
(Bu*^CH:N*AlEt2)2- [Found: A l , 14*2; hydrolysable e t h y l , 35*37,; M, 323; 
CTQH, A1„N- requires A l , 14*1; hydrolysable e t h y l , 34*37,; M, 338]; v 
( l i q u i d f i l m ) 3330vw, 2959s, 2933s, 2899s, 2857s, 2793w, 2717w, 1760vw, 
1670msh, 1656vs, 1626m, 1555vw, 1477s, 1464s, 1410s, 1385w, 1363s, 1270vw, 
1229m, 1209m, 1202m, 1190m, 1143vw, ll07w, 1070m, 1033m, 986vs, 950s, 919s, 
893s, 778vs, 681vs, 649vs, 630sh(br), 606sh(br), 559m, 454ms cm"'''. Benzene 
S o l u t i o n 454vs, 398vs, 385vs, 319m,br. cm"'''. 
Reaction o f t - b u t y l cyanide w i t h t r i p h e n y l a l u m i n i i m i - d i e t h y l ether complex. 
Triphenylaluminium-ether complex (2*7 g., 8*1 m. mole) i n benzene 
(20 c.c.) was t r e a t e d w i t h t - b u t y l cyanide (0*6 g., 8*2 m mole) and warmed 
t o 50°. Solvent was removed under reduced pressure u n t i l c r y s t a l s of the 
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adduct, Bu'^CN,AlPh^, m.p. 114°, separated [Found: A l , 7*9%. C22H2^A1N 
requires A l , 7*9%]; v (benzene s o l u t i o n , 450-200 cm"''") 459vs, 424s, 
ni3x 
417sh, 333s, 251mbr cm ''". This compound could not be vacutmi sublimed 
wit h o u t simultaneous rearrangement taking,place. 
Thermal decomposition of Bu*'CN, AlPh^. Samples of the adduct rearranged 
o 
completely during 3 hrs. at 170 to the benzylideneamino d e r i v a t i v e 
(Bu''CPh;N*AlPh2)2, a c r y s t a l l i n e s o l i d which slowly decomposed without 
subliming or m e l t i n g at 220° and which was p u r i f i e d by c r y s t a l l i s a t i o n 
from benzene [Found: A l , 7*9, hydrolysable phenyl, 43*8%; M, 684. 
^46^48^^2^2 ^ ^ ^ " i ' ^ ^ s 7*9; hydrolysable phenyl, 45*1%; M, 682]; v^^^ 
( n u j o l m u l l ) 1616vs, 1422s, 1279w, 1264w, 1247w, 1205m, 1155w, 1088s, 1074s, 
1040W, 1029w, 1004w, 998w, 974s, 970sh, 913w, 824w, 781s, 750w, 734vs, 
718sh, 705vs, 682vs, 675vs, 650s, 622w, 608s, 529s, 482vs cm"''"; (benzene 
s o l u t i o n ) 455sh, 407w, 352s, 330s cm""'". 
Reaction of t - b u t y l cyanide w i t h dimethylaluminivmi c h l o r i d e 
The adduct, Bu*'CN,AlMe2Cl, m.p. 84° from equimolar q u a n t i t i e s of the 
components, was p u r i f i e d by vacuum sublimation a t 85° [Found: A l , 14*9; 
hydrolysable methyl, 16*3%. C^H^^AlClN requires A l , 14*9; hydrolysable 
methyl, 17*2%]; v^^^ (benzene s o l u t i o n , 450-200 cm"''"). 439vs, 407s, 290sh 
and 274m,br cm ''". 
Thermal decomposition of Bu^ 'CN, AlMe2Cl. L i t t l e decomposition of the 
o 
adduct was detected at temperatures below 220 , but complete rearrangement 
occurred during 6 hours a t 240°, and a co l o u r l e s s , very a i r - s e n s i t i v e s o l i d 
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could be vacuum sublimed from the r e a c t i o n mixture at 145°. This was 
i d e n t i f i e d as (Bu*^CMe;N*AlMeCl)2, m.p. 130°. [Found: A l , 14*9; 
hydrolysable methyl, 8*47,; M, 365. C^^R^^Al^Cl^^^ requires A l , 14*9; 
hydrolysable methyl, 8*67,; M, 351]; v^^^ (CCl^ s o l u t i o n ) 1967s, 1874sh, 
1625vs, 1473m, 1422w, 1372s, 1273w, 1261m, 1203s, 1147s, 1068m, I045m, 
981w, 942w, 871s, 861sh, 691s, 671s, 568w, 534m, 494sh, 467m cm"'''; (benzene 
s o l u t i o n ) 439s, 405s, 382sh, 315 m,br cm"'''. A f t e r the sublimation about 
h a l f the r e a c t i o n mixture remained as an i n v o l a t i l e yellow glue. 
Reaction of t - b u t y l cyanide w i t h dimethylalvmiinium hydride. 
A s o l u t i o n of dimethylalimiinium hydride (10 m mole) i n hexane (15 c.c.) 
was added by syringe t o t - b u t y l cyanide (0*83 g. 10 m mole) at room 
temperature. A vigorous exothermic r e a c t i o n occurred. Removal of the 
solvent a f f o r d e d c r y s t a l s of neopentylideneaminodimethylalvmiinium dimer, 
(Bu*'CH:N*AlMe2)2J in«P« 89°, p u r i f i e d by vacuvmi d i s t i l l a t i o n / s u b l i m a t i o n 
a t 110°. [Found: A l , 19*0; hydrolysable methyl, 20*97,; M, 275. 
C .H A l N requires A l , 19*1; hydrolysable methyl, 21*37,; .M, 282]; v 
(nUii,ol m u l l ) 1661VS, 1412s, 1274w, 1192vs, 1035s, 946m, 924m, 898s, 779vs, 
689vs, b r , 580s, 508m; (benzene s o l u t i o n ) 449s, 380vs, 345w, 306sh, 297s cm^. 
Reaction between Hydrogen Cyanide and Dimethylaluminiimi Hydride. When 
dimethylaliminium hydride (0*311 g., 5*4 m mole) i n hexane (8 c.c.) was 
t r e a t e d w i t h hydrogen cyanide (120 N c . c , 5*4 m mole) at -78°, hydrogen 
(121 N C.C., 5*4 m mole) was evolved and dimethylaluminiimi cyanide 
(Me2AlCN)^, m.p. 89° was i s o l a t e d from the mixture and i d e n t i f i e d by i t s 
67 
i n f r a r e d spectrum. 
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Reaction of methyl cyanide w i t h dimethylaluminitmi hydride 
Dimethylaluminium hydride (1*137 g., 19*6 m.mole) i n hexane, (30 ml.) 
was added by syringe t o methyl cyanide (0*402 g., 9*8 m mole) i n 30 ml. 
hexane at room temperature. The heat of r e a c t i o n caused the solvent to 
b o i l , and the mixture was subsequently kept a t t h i s temperature f o r 15 
minutes. The hexane was then removed under vacuvmi, leaving an i n v o l a t i l e 
viscous o i l v ^ i c h had bands a t A-1770 and 1640 cm"''", i n the i n f r a r e d 
spectrum \diich i n d i c a t e d t h a t r e a c t i o n was incomplete. A f t e r being 
heated at 145° f o r a f u r t h e r 30 min., the r e s i d u a l glue was hydrolysed 
w i t h strong sodium hydroxide s o l u t i o n t o give methane and ethylamine 
together w i t h some hydrogen and ammonia. 
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Reactions of Organo-galliimi compounds w i t h cyanides 
Preparation and thermal decomposition of MeCN, GaMe^. 
The adduct MeCN, GaMe^ , p r e v i o u s l y described by Coates and Hayter,''' 
was prepared by condensing t r i m e t h y l g a l l i u m (430 N c . c , 19*2 m mole) onto 
methyl cyanide (0*787 gm., 19*2 m mole) v ( l i q u i d f i l m ) . 2941s, 2899m, 
2857sh, 2308m, 2282m, 1429s,br, 1377s, 1189vs, 1038s,br, 1027sh, lOlOsh, 
934s, 734vs,br, 660w,br, 556vs, 519w cm"'^ . 
A sample of the adduct was sealed o f f i n a tube. Heating at 120° 
caused s l i g h t d i s c o l o u r a t i o n and at 145°C methane (420 N.c.c., 987, r e a c t i o n ) 
was evolved, leaving a yel l o w s o l i d i n s o l u b l e i n a l l solvents except 
acetone. Acid h y d r o l y s i s d i d not r e s u l t i n the formation of acetone, 
V ( n u j o l m u l l ) , 2164vs, 1577s, 1189m, 1143m, 1002*^, 930 w, 714vs,br, 
637w, 571s,br, 532s,br. cm"'''. 
Reaction of phenyl cyanide w i t h t r i m e t h y l g a l l i u m 
The adduct PhCN, GaMe^ m.p. 25-27°C, was prepared by condensing 
t r i m e t h y l - g a l l i u m (364*0c.c., 16*24mmole) onto phenyl cyanide (l*675g, 
16*24 m mole). The adduct i s dissociated i n the vapour phase, so 
p u r i f i c a t i o n was not attempted. (Found: Ga, 31*97,. PhCN, GaMe^ requires 
Ga, 32*17,). V ( l i q u i d f i l m ) . 3058m, 294Ivs, 2899vs, 2857sh, 2260vs, 
iri3x 
1961w, 1894w, 1811w, 1764w, 1681w, 1597s, 1490s, 1449vs, 1387w, 1336w, 1290m, 
1189VS, 1184m, 1096w, 1068m, 1036m, 1027s, 1009s, 1002sh, 926m, 842w, 757vs, 
735vs,br, 686vs, 587vs, 562vs, 531vs, 463m,br. cm"''". Vapour pressure, 2*9 mm. 
at 20°C. 
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Thermal decomposition of PhCN, GaMe^. 
A sample of the adduct was heated at 118°C f o r 15 hours. The 
r e a c t i o n mixture became red-brown, and on cooling needle-shaped c r y s t a l s 
appeated. A l i t t l e t r i m e t h y I g a l l i i m i was recovered but most of i t 
remained i n the r e a c t i o n vessel. The c r y s t a l s were r e c r y s t a l l i s e d from 
toluene. (Found: C, 81*0, H, 4*89%. ^21^13^3 ^^^"^^^s C, 81*5, H, 
4*85%). m.p. 23°C. 
Reaction of t - b u t y l cyanide w i t h t r i m e t h y l g a l l i v m i 
The adduct Bu^ 'CN, GaMe^, was prepared by r e a c t i o n of equimolar 
q u a n t i t i e s of t - b u t y l cyanide w i t h t r i m e t h y l g a l l i u m . I t i s l a r g e l y 
d i s s o c i a t e d i n the vapour phase, and can be r a p i d l y pumped iito a vacuum 
system at room temperature presumably as the free components. P u r i f i c a t i o n 
was not attempted. (Found: Ga, 35*0%. CgHj^gGa requires Ga 35*4%). 
m.p. < 20°C. V ( l i q u i d f i l m ) 2976vs, 2941vs, 2907sh, 2878sh, 2266s, 
1486s, 1466s, 1357s1247s, 1212s, 1193s, 1070br, 1035sh, 1012s, 940w, 738vs,br, 
691vs, 582vs,br, 557vs,br, 535vs,br. cm"''". 
Attempted thermal decomposition of Bu*'CN, GaMe^. 
Several experiments, each under d i f f e r i n g conditions were c a r r i e d out. 
( a ) / A sample of the adduct was heated i n a sealed tube at temperatures 
ranging from 120° - 200°. On cooling the adduct was almost q u a n t i t a t i v e l y 
pimiped unchanged i n t o the vacuum l i n e , l eaving a very small brown 
-.1 residue. 
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(b) T r i m e t h y l g a l l i i m i (328 c . c , 14*63 m mole) and t - b u t y l cyanide 
(0*61 g., 7*315 m mole) were heated at 150°C f o r 12 hours i n a sealed 
tube. On opening the tube, the adduct and excess t r i m e t h y l g a l l i v m i were 
recovered unchanged. 
( c ) T r i m e t h y l g a l l i x m - t - b u t y l cyanide i n benzene s o l u t i o n was heated at 
150° f o r 12 hours i n a sealed tube. On opening the tube, the reactants 
were recovered unchanged. 
Reaction of t r i c h l o r o a c e t o n i t r i l e w i t h t r i m e t h y l g a l l i v m i 
T r i m e t h y l g a l l i u m (224 c.c., 10 m mole) was condensed onto 
t r i c h l o r o a c e t o n i t r i l e (1*44 gm., 10 m mole) i n a tube which was sealed 
o f f from the vacuvmi l i n e . On warming to room temperature, 25°C, the 
r e a c t i o n mixture turned brown, and the r e a c t i o n product a f t e r heating 
a t 100°C f o r 12 hours was a deep brown viscous l i q u i d . Hydrolysis of 
t h i s l i q u i d gave a s o l u t i o n which p r e c i p i t a t e d s i l v e r c h l o r i d e from a 
s i l v e r n i t r a t e / n i t r i c acid mixture. 
Reaction of t - b u t y l cyanide w i t h t r i e t h y l g a l l i u m 
The adduct Bu^ 'CN, GaEt^, from equimolar q u a n t i t i e s of t - b u t y l cyanide 
and t r i e t h y l g a l l i u m was a colourless l i q u i d only s l i g h t l y v o l a t i l e at 
room temperature. (Found: Ga, 28*8%. Cj^^H2^GaN requires Ga 29*17%). 
V ( l i q u i d film) 2273 cm""*". m.p. < 20°C. 
max 
Thermal decomposition o f Bu^CNGaEt^. 
A sample of the adduct (3*06 gm., 12*73 m mole) was heated at 150°C 
- 51 
f o r 15 hours i n a sealed tube. On opening the tube, ethylene (57 c . c , 
2*54 m mole) was recovered. On heating the tube and contents at 180°C 
f o r a f u r t h e r 15 hours, another 200 c.c. ethylene, corresponding to 
^ 90% r e a c t i o n , was recovered. The product, a l i q u i d which could be 
d i s t i l l e d from a b o i l i n g water bath under vacuvm, was i d e n t i f i e d as 
diethylneopentylideneaminogallium dimer (Bu*'CH:NGaEt2)2 • (Found: 
Ga, 32*87,, M (cryoscopic i n benzene) 400. ^i8\o^^2^2 '^^^"^^^^ 
33*07,, M , 424): v ( l i q u i d f i l m ) . 3311w, 2950vs, 2902vs, 2865vs, ' — ' ' max ^ J > » . 
2725m, 1658vs, 1479s, 1466s, 1424m, 1368s, 1236w, 1205m, 1061w, 1034m, 
1000s, 961m, 942sh, 935m, 923w, 894s, 778s, 709br, 671sh, 658vs, br, 
563s, 549s, 513s, 485s, 409m,br. cm"''". (Benzene s o l u t i o n ) 461vs, 429sh, 
369vs, 341m, 278w,br, 246w,br. cm"''". 
Reaction of phenyl cyanide w i t h t r i e t h y l g a l l i u m 
Phenyl cyanide ( l * 1 2 g , 10*83 m mole) and t r i e t h y l g a l l i u m were mixed 
at -78°C and allowed to warm to room temperature. The heat of r e a c t i o n 
d i d not cause a s i g n i f i c a n t increase i n temperature. The product, a 
co l o u r l e s s l i q u i d going y e l l o w on standing, was i d e n t i f i e d as the adduct, 
PhCN,GaEt- (Found: Ga 26*77,. C H NGa requires Ga 26*97,), v ( l i q u i d 
f i l m ) . 29l5vs, 2882vs, 2849vs, 2793w, 2258vs, 1595w, 1488w, 1462sh, 
1447m, 1414w, 1368w, 1332w, 1287w, 1259w, 1232w, 1180sh, 1177w, 1161w, 
1093m,. 1067W, 1025m, 998m, 993sh, 953m, 924m, 797w,br, 756vs, 697w, 683vs, 
649s,br, 550vs, 533vs,br 471w,br. cm"'''. 
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Thermal'decomposition of PhCN,GaEt^. 
When a sample of the adduct, PhCN,GaEt2, (2*5 gm., 9*61 m mole) 
was heated a t 150°C f o r 15 hours, ethylene (183 c . c , 85% of theory) 
was evolved, and the product was a viscous l i q u i d , which c r y s t a l l i s e d on 
standing. Benzylideneaminodiethylgallium dimer, (PhCH:NGaEt2)2, was 
obtained as a pale yellow s o l i d by sublimation from the r e a c t i o n mixture. 
(Found: Ga, 30*2; C, 55*5; H, 6*5%; M (cryscopic i n benzene), 434. 
S2^32^^2^2 '^^'l^i^es 302; C, 56*9; H, 6*69%; M, 464). m.pt. 118°C. 
V ( n u j o l m u l l ) 3081m, 3058m, 3021m, 1688m, 1633vs, 1600s, 1585s, 
1520W, 1493w, 1416w, 1309m, 1289w, 1259w, 1233w, 1202s, ll76w, 1155w, 
110Iw, 1076m, 1026m, 1005s, 965sh, 960s, 934m, 841vs, 744vs, 699vs,' 685vs, 
654vs, 617w, 551vs,br, 514s,sh, 509s, 482s, 467s, 417m,br. M.Pt.<ia° 
Hydrolysis w i t h weak a c i d gave benzaldehyde, i d e n t i f i e d as i t s 2-4-
dinitrophenylhydrazone. 
Reaction o f methyl cyanide w i t h t r i e t h y l g a l l i v t m 
The adduct, MeCN,GaEt2 prepared by r e a c t i o n of equimolar q u a n t i t i e s 
o f methyl cyanide w i t h t r i e t h y l g a l l i v i m w s a colourless l i q u i d , only 
s l i g h t l y v o l a t i l e a t room temperature. v ( l i q u i d f i l m ) . 2933vs, 
max. 
2899vs, 2857vs, 2808w, 2307m, 2279m, 1464sh, 1456m, 1420m, 1393w, 1374m, 
1263w, 1235w, 1166w, llOOm, 1053s, 999s, 956m, 931m, 898m, 807m, br, 657vs,br, 
635sh, 534vs, br. cm"''". 
Reaction of benzophenone w i t h t r i m e t h y l g a l l i i m i 
T r i m e t h y l g a l l i u m (258*4 c.c., 11*53 m mole) was condensed onto 
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benzophenone (2»10 gm, 11'53 m mole) i n a tube v^iich was sealed o f f 
from the vacuum l i n e . On warming t o room temperature, the benzophenone 
dissolved i n the t r i m e t h y l g a l l i i m t o give a green viscous s o l u t i o n , and 
a f t e r h eating at 125° f o r 15 hours, the r e a c t i o n product was a glass which 
c r y s t a l l i s e d on co o l i n g . A l i t t l e methane was recovered on opening the 
tube, and the s o l i d product, p u r i f i e d by r e c r y s t a l l i s a t i o n from hexane, was 
i d e n t i f i e d as dimet h y l g a l l i u m diphenylmethyl methoxide (Me2GaOCMePh2)2• 
(Found: Ga, 23'570. ^^l^SS^^l'^Z ^^^^^^^^ 23'67o. v^^^ ( n u j o l m u l l ) . 
3096w, 3058m, 3021s, 1667w, 1660w, 1582w, 1490w, 1314m, 1297w, I277w, 
1231s, 1206vs, 1199vs, 1189m, 1178m, 1111m, 1096s, 1087sh, I075w, I063vs, 
1049vs, 1025s, lOOlw, 982w, 965w, 938sh, 924vs, 910vs, 848w, 834m, 770vs, 
760VS, 751vs, 706vs, 696vs, 634vs, 621sh, 601sh, 594sh, 586vs, 536s, 466vs, 
425m,br. M.Pt. 
The product could be sublimed at 0*01 m.m. Hg. pressure from an o i l 
bath a t 140°C. 
Reaction of e t h y l isocyanate w i t h t r i m e t h y l g a l l i u m 
T r i m e t h y l g a l l i u m (422 c.c, 18*84 m mole) was condensed onto a s o l u t i o n 
of e t h y l isocyanate (1*34 gm. , 18'84 m mole) i n hexane (30 ml.) i n a double 
Schlenk tube. On warming t o room temperature, r e a c t i o n proceeded s l i g h t l y 
e x o t h e r m i c a l l y . The mixture was heated to r e f l u x temperature to ensure 
complete r e a c t i o n . The product was obtained as a viscous i n v o l a t i l e o i l 
on removal of the hexane, and complete p u r i f i c a t i o n was impossible. No 
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re a c t i o n w i t h 4-dimethylaminopyridene was observed. Hydrolysis of 
the product y i e l d e d N-ethylacetamide. 
Reaction o f diphenylketimine w i t h t r i m e t h y l g a l l i t a n . 
T r i m e t h y l g a l l i u m (190*5 c . c , 8»50 m mole) was condensed onto 
diphenylketimine (1*54 gm., 8»51 m mole) i n a tube, which was sealed 
from the vacuum l i n e . The tube was heated at 9U°C f o r 15 hours, and on 
opening, methane ( 170 c.c.) was recovered. The product was obtained 
as large c r y s t a l s from hexane. (Found: C 63*9, H 5*97, Ga 25'370, 
C„-H.-Ga-N- requires C 64'2, H 5»71, Ga 25«0%). v (Nujol m u l l ) . 1626m, 30 32 2 2 ' ' max •* ' 
1605sh,. 1577m, 1318w, 1282w, 1266w, 1203sh, 1193m, 1160w, I0.78w, 1030w, 
1003VW, 989vw, 910vw, 951m, 923w, 911m, 784s, 742s, 734sh, 724s, 699vs, 
667s, 577sh, 570s, 529s, 451s cm"^. 
Reaction of diphenylketamine w i t h t r i e t h y l g a l l i u m 
T r i e t h y l g a l l i u m (l'4gm., 8'92 m mole) was condensed onto diphenyl-
ketimine (1*61 gm. , 8*92 m mole) i n a tube which was sealed o f f from the 
vacuum l i n e . The tube was heated at 100° f o r 36 hours, and on cooling to 
room temperature, brown-yellow c r y s t a l s were deposited from the melt. 
The tube was opened, and ethane (192 N c.c,', 8*57 m mole, 96% r e a c t i o n ) 
was recovered. The product was obtained as small ^Aiite c r y s t a l s from 
hexane a t -80°C. (Found: C, 65*5; H, 6*26; Ga, 19*8%; M (cryoscopic i n 
benzene), 649. ^2u\o^^2^2 ^^^^^'^^^ ^' ^' 2 2 « O l 7 o ; M, 616). 
V ( N u j o l m u l l ) 1613VS, 1577sh, 1427m, 1316m, 1287m, 1267m, 1235w, 1185w, 
ni3x 
1160w, 1076m, 1029m, 1003m, 997sh, 951s, 935m, 925m, 912m, 846w, 780vs, 
704sh, 700vs, 67lvs, 660vs, 543s, 529s, 514s, 505s, 454s, cm"''". 
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Reactions of organometallic compounds w i t h acetoxime 
Reaction of t r i m e t h y l b o r o n w i t h acetoxime 
Trimethylboron (303*4 c . c , 13*5 m mole) was condensed on to acetoxime 
(0*99 gm., 13*5 m mole) i n a tube. At room temperature, the pressure i n 
the tube showed a l l the tri m e t h y l b o r o n to be i n the gas phase, and no 
v i s i b l e r e a c t i o n occurred. The tube was sealed and heated at 95-100°C 
f o r twelve hours. Methane (290*3 c.c, 13*0 m mole) and dimethyl-
(isopropylideneaminoxy)boron, Me2C:N0BMe2, a v o l a t i l e colourless c r y s t a l l i n e 
s o l i d , m.pt. °C were produced. (Found: C, 52*0; H, 10*4; N, 12*57o; 
M (vapour d e n s i t y a t 85°), 112*4; M (cryoscopic i n benzene), 147. 
C^ H^ B^NO req u i r e s C, 53*1; H, 10*6; N, 12*4; M, 112*8). Vapour pressure 
(23-.71°C) given by logj^^Pmm = 14*340 - , corresponding to a value of 
2*1 m.m. a t 20°C and an extrapolated 6 p t . of 99°C. v^^^ (vapour phase, 
70°C) 1663w, 1433W, 1385s, 1333sh, 1323vs, 1294s, 1252s, 1188w, 1160s, 1152s, 
1066m, 966sh, 941m, 882w, 820w, 733vw,br; ( n u j o l m u l l ) 1649m, 1297vs, 1239vw, 
1193w, 1163s, 1104sh, I080sh, 1070vs, 1046sh, 1030vs, lOOOvs, 985sh, 939sh, 
974m, 812s, 733s, 645w, 622w, 580m, 567w, 539s, and 457m, cm"'^ . This 
l a s t band was the only one detected i n the range 500-200 cm"'''. The 
compound was r e a d i l y soluble i n such solvents as benzene, cyclohexane, 
and carbon t e t r a c h l o r i d e but was immediately hydrolysed by water. When 
exposed t o a i r , the c r y s t a l s s u f fered slow surface h y d r o l y s i s . . 
Reaction of diborane w i t h acetoxime 
Diborane (132*1 c . c , 5*9 m mole) was condensed at -196°C on to 
acetoxime (0*86 gm. , 11*8 m mole) i n a tube which was then sealed from the 
vacuum l i n e . The tube was allowed to warm t o room temperature, when the 
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r e a c t i o n mixture was a viscous l i q u i d which slowly evolved bubbles of 
gas. The heat of the r e a c t i o n r a i s e d the temperature of the mixture 
n o t i c e a b l y above room temperature, and at about 30° or 40°c there was a 
sudden f l a s h and a black powdery i n v o l a t i l e residue covered the walls of 
the tube. Hydrogen, methane, ethylene and hydrogen cyanide were detected 
among the i n v o l a t i l e r e a c t i o n products. 
Reaction of trimethylaltiminium w i t h acetoxime 
Acetoxime (1*6 gm., 22 m mole) i n hexane (25 c.c.) was slowly added 
by syringe t o trimethylaluminium (1*6 gm., 22 m mole) i n hexane (25 c.c.) 
cooled t o -78°C i n one limb of a double Schlenk tube, the apparatus being 
w e l l shaken t o promote mixing. A vigorous r e a c t i o n proceeded spontaneously 
w i t h e v o l u t i o n o f methane. A f t e r concentration of the s o l u t i o n by removal 
of some solvent by vacuum d i s t i l l a t i o n , very small c r y s t a l s of dimeric 
methyl(isopropylideneaminoxy)aluminium, (Me2C:N0AlMe2)2 separated a t -78°C. 
The product, p u r i f i e d by vacuum sublimation at 55°C had m.pt. 71*5°C. 
(Found: A l , 20*9; hydrolysable methyl, 23.!'07o; M(cryoscopic i n benzene), 268. 
^10^24^^2^2°2 ' ^ ^ ^ " i ^ ^ s 20'9; hydrolysable methyl, 23*07o; M, 258). 
V ( n u j o l m u l l ) 1635m, n u j o l , 1282s, 1190vs, 1092vs, 1078sh, 1028vs, 
tn3.x 
889w, 853m, 766sh, .735vs,br, 561w, 538w, and 491m. cm"''". 
The product was r e a d i l y soluble i n benzene, hexane and carbon 
t e t r a c h l o r i d e and reacted w i t h solvents containing hydroxyl groups. 
Extremely s e n s i t i v e t o a i r and moisture, i t inflamed i n contact w i t h water 
or when placed on ti s s u e paper. 
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Reaction of dimethyl(isopropylideneaminoxy)aliminitm w i t h 4-dimethylamino 
p y r i d i n e . 
Dimethylaminopyridine (0*4 gm., m mole) dissolved i n toluene (25 c.c.) 
was added by syringe t o a s o l u t i o n of dimethyl(isopropylideneaminoxy) 
aluminium (0*4 gm. m mole), i n hexane (20 c.c.). A l l solvent was 
pimped away, and the residue r e c r y s t a l l i s e d from a mixture of benzene 
(5 c.c.) and hexane (30 c.c . ) . The s o l i d was found to be a mixture 
c o n s i s t i n g l a r g e l y of dimethyliiminopyridine and some of the aluminium 
compound, since the hydrolysable methyl content was 16'070 low f o r the 
adduct, and the i n f r a r e d spectrum showed absorptions due only to the free 
components. 
Reaction of t r i m e t h y l g a l l i i m i w i t h acetoxime 
T r i m e t h y l g a l l i u m (260 c.c., 11*6 m mole) was condensed at -196° on 
to a frozen s o l u t i o n of acetoxime (0*85 gm. , 11*6 m mole) i n hexane (25 c . c ) . 
Reaction proceeded v i g o r o u s l y when the mixture was warmed to -78°C and 
methane (260 c.c., 11*6 m mole) was evolved. The product, (Me2C:NOGaMe2)2 
c r y s t a l l i s e d as very small needles a t -78°C, and was p u r i f i e d by vacuum 
sublima t i o n a t 60°C; m.pt 90-91°. [Found: Ga, 40*4; C, 34*1; H, 7*07=; 
M (cryoscopic inbenzene), 339. *^io^24^^2^2°2 ^^^"^'^^^ '^0*6; C, 349j-
H, 7*0%; M,3423. v (vapour phase, 130°C) 1628m, 1441s, 1389sh, 1374vs, 
1280W, 1264m, 1208vs, 1095vs, 1067sh, 1019vs, 962m; 737vs,br, 673vs, 601sh, 
587s, 536m, 468s and 417br; ( n u j o l m u l l ) 1630s, n u j o l , 1279m, 1200vs, 1089vs, 
1020sh, l O l l v s , 847w, 735vs,br, 671vs, 585vs, 545sh, 539sh, 528vs, 525sh, 
458s, 412m, 345w, 300m and 249s cm"'''. The compound was soluble i n benzene. 
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hexane and carbon t e t r a c h l o r i d e , and appeared stable to atmospheric 
oxidation but s e n s i t i v e to moisture. The i n f r a r e d spectrtmi of a sample 
of the vapour contaminated by moist a i r showed e x t r a bands c h a r a c t e r i s t i c 
of acetoxime. 
Reaction of t r i m e t h y l i n d i u m w i t h acetoxime 
Trimethylindium (2*7 gm., 16*9 m mole) i n toluene was allowed to 
rea c t at -78°C w i t h acetoxime (1*23 gm. , 16»9 m mole) i n hexane (30 ml.) 
i n a double Schlenk tube w i t h e v o l u t i o n of methane. Solvent was removed 
under vacuinn, leaving a white s o l i d which a f t e r vacuum sublimation/ 
d i s t i l l a t i o n was i d e n t i f i e d as dimeric dimethyl(isopropylideneaminoxy)inddum, 
(Me2C:NOInMe2)2, m.pt 57°C. [Found: C, 27*8; H, 5'5; I n 52 ' 77o; M 
(cryoscopic i n benzene), 483. C^QH2^In2N202 requires C, 27*6; H, 5*5; 
I n , 52'970; M, 434]. v ( n u j o l m u l l ) , 1612m, n u j o l , 1366vs, 1269sh, ' ' —' max •' > > J J > > 
1261m, 1156m, 1076vs, 1064sh, 1005sh, 985vs, 952s, 927s, 810w, 704vs, 646s, 
646s, 631sh, 564w,br, 524s, 510s, 473m. cm"''"; (benzene s o l u t i o n ) , 429sh, 
392s, 323w, and 255m,br, cm •'". The compound was soluble i n such solvents 
as benzene, hexane and carbon t e t r a c h l o r i d e , and was only slowly a f f e c t e d 
by dry a i r , but was more s e n s i t i v e to moisture than i t s g a l l i u m analogue. 
Reaction of t r i m e t h y l f i h a l l i u m w i t h acetoxime 
T r i m e t h y l t h a l l i u m (1*72 gm. , 6'9;-m mole) i n ether (10 c.c.) was mixed 
w i t h acetoxime (0*504 gm., 6*9 m mole) i n hexane (20 c.c.) i n a double 
Schlenk tube a t room temperature. Methane e v o l u t i o n was e s s e n t i a l l y 
complete a f t e r two minutes, during which time the s o l u t i o n became warm. 
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The product was obtained as w e l l formed needles a f t e r removal of some 
of the solv e n t , and was i d e n t i f i e d as dimethyl(isopropylideneaminoxy)thallivmi, 
(Me2C:N0TlMe2)^, m.p. 124°. (Found: C, 19*6; H, 3*7; 71, 66*47o. 
C H^„N0T1 req u i r e s C, 19*6; H,3*9; 71, 66*7%). v ( n u j o l m u l l ) 1595w, 
n u j o l , 1359s, 1253s, 1170w, 1161w, I054vs, 966vs, 946sh, 930vs, 810sh, 791vs, 
632vs, 540s. cm"^. 
The compound was i n s o l u b l e i n carbon t e t r a c h l o r i d e and hexane, and 
only very s l i g h t l y soluble i n benzene. I t was soluble i n ether, from 
which i t could conveniently be c r y s t a l l i s e d , and very soluble i n water, 
i n vrfiich i t was hydrolysed to acetoxime and d i m e t h y l t h a l l i u m hydroxide. 
C r y s t a l s s u f f e r e d only s l i g h t surface decomposition during prolonged 
exposure t o moist a i r . 
Reaction of m e t h y l - l i t h i u m w i t h acetoxime 
A s o l u t i o n of acetoxime (3*51 gm., 50 m mole) i n d i e t h y l ether (20 c.c.) 
was added by suringe t o a s o l u t i o n of m e t h y l - l i t h i u m (1*175 gm. , 50*4 m 
moles) i n d i e t h y l ether (50 c.c.) i n a double Schlenk tube a t room 
temperature. The r e s u l t i n g vigorous r e a c t i o n w i t h e v o l u t i o n of methane 
caused the ether t o b o i l , and isopropylideneaminoxylithivmi, (Me2C:N0Li)^, 
was simultaneously p r e c i p i t a t e d . The product was p u r i f i e d by washing w i t h 
ether. (Found: C, 45*5; H, 7*1; L i 8*87o . C^H^LiNO requires C, 45*6; 
H, 7*6; L i , 8 * 8 7 , ) . I t d i d not melt when heated to 350°, and was ins o l u b l e 
i n the common organic solvents, but dissolved i n water to form l i t h i v m i 
hydroxide and acetoxime. 
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DISCUSSION 
Hydroboration reactions of Methyl Cyanide 
The f i r s t p u b l i c a t i o n about the methyl cyanide-diborane system 
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was i n 1942 when Schlesinger and Burg reported the formation of a 
s o l i d adduct MeCN,BH^ from diborane and methyl cyanide. I t s 
d i s s o c i a t i o n a t room temperature i n t o the gaseous reactants was 
accompanied by s l i g h t decomposition to an i n v o l a t i l e l i q u i d which 
was not i d e n t i f i e d . Burg^^ l a t e r suggested t h a t two hydrogen atoms 
s h i f t e d from the boron atom t o the carbon of the cyanide group forming 
an N - s u b s t i t u t e d borazine, but he gave no supporting evidence. The 
proposed mechanism involved step-wise t r a n s f e r of hydrogen across the 
cyanide group, g i v i n g the p o s s i b i l i t y of i s o l a t i n g an alkylideneaminoboron 
int e r m e d i a t e . 
RCN,BH2 > [RCH:NBH2]^ > (RCH2NBH)^ 
The formation of N - t r i e t h y l b o r a z i n e Et^N^B^H^ from the c o n t r o l l e d 
decomposition of the methyl cyanide-diborane adduct was confirmed by 
lEmeieus and Wade^^ who also demonstrated a f u r t h e r example of the 
r e a c t i o n by i s o l a t i n g N-tri-n-propylborazine from the decomposition of 
the e t h y l cyanide-diborane adduct. During the course of t h i s work, a 
very small q u a n t i t y of a v o l a t i l e m a t e r i a l was detected spectroscopically, 
and i d e n t i f i e d t e n t a t i v e l y as the azomethine intermediate (MeCH:NBH2)^. 
The i n f r a r e d spectrum of t h i s m a t e r i a l showed a band at 1685 cm ''' which 
i s i n the region expected f o r bands due to C=N s t r e t c h i n g v i b r a t i o n s , 
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and two intense bands i n the 2400 cm '" region which were assigned t o 
B-H2 s t r e t c h i n g modes. 
Experiments were then c a r r i e d out to determine whether or not 
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stable alkylideneamino could i n f a c t be prepared. The method chosen 
was t o se l e c t as acceptor molecule a compound i n which only one hydrogen 
atom was attached to boron, the remaining two valencies being occupied 
by unreactive groups, thus a l l o w i n g only one hydrogen t r a n s f e r stage: 
MeCN, BHR2 > (MeCH:NBR2)^. Trim e t h y l - and t r i e t h y l b o r o n were 
found not t o react w i t h methyl cyanide a t temperatures up t o 100°C and 
consequently a l k y l groups were used as the unreactive groups. The 
r e a c t i o n between tetramethyldiborane and methyl cyanide gave dimeric 
ethylideneaminodimethylboron (MeCH:NBMe2)2" Two isomers of t h i s compound, 
a l i q u i d and a s o l i d , were i s o l a t e d and nuclear magnetic resonance 
s p e c t r a l evidence was presented supporting c i s - and trans- structures 
f o r them. 
Me.x 
Trans-isomer Cis-isomer 
An X-ray c r y s t a l s t r u c t u r e determination has confirmed the trans s t r u c t u r e 
f o r the s o l i d isomer. 
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Lappert and Majimidar^''' obtained spectroscopic evidence f o r a s i m i l a r 
type of isomerism i n v o l v i n g a four-membered boron-nitrogen r i n g w i t h 
exocyclic double bonds t o born atoms i n the compound 1 , 3 - d i - t - b u t y l -
2 , 4 - d i - t - b u t y l a m i n o - l ,3-diaza-2 ,4-boretane , but no isomers were separated 
ai el 
Trans-isomer Cis-isomer. 
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Mean\diile, Hawthorne had shown th a t i t was unnecessary to s t a r t w i t h 
a d i a l k y l b o r a n e , R2BH i n order t o prepare stable alkylideneaminoboranes; 
r e a c t i o n of trimethylamine-t-butylborane, Me2N,BH2Bu^, w i t h various n i t r i l e s , 
RON, a f f o r d e d stable alkylideneamino-t-butylboranes (RCH:NBHBu'')2. He 
commented on the p o s s i b i l i t i e s of c i s - t r a n s isomerism but was unable to 
separate h i s products i n t o geometrical isomers, presumably because h i s choice 
of r e a c t a n t s , w i t h only one a l k y l group per boron, led to too many o p p o r t u n i t i e s 
f o r isomerism. 
The rea c t i o n s of diborane w i t h t r i f l u o r o a c e t o n i t r i l e and t r i c h l o r o -
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a c e t o n i t r i l e have been studied r e c e n t l y . I t was found t h a t the vapour 
phase r e a c t i o n at room temperature was very slow, but a r a p i d r e a c t i o n g i v i n g 
borazines and polymeric products was observed at 90-100°C. 
6 CF^CN + 3B2Hg > 2 (CF2CH2)3N^B^H2. 
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Diborane.,-iand t r i c h l o r o a c e t o n i t r i l e exploded when heated i n a sealed 
tube, but when the r e a c t i o n was c a r r i e d out i n tetrahydrofuran or 
dimethoxyethane as solvent the intermediate trichloroethylideneaminoborane 
could be i s o l a t e d : 
2nCCl„CN + nB.H ^ 2 (CC1,CH:NBH„ ) . 
3 Z D 3 ^ n 
The molecular weight was not reported. When the r e a c t i o n was c a r r i e d 
out a t a higher temperature, the corresponding borazine, (CC1„CH.) N B H. 
J ^ J J J O 
was obtained. 
During t h i s present work, a new i n v e s t i g a t i o n i n t o the r e a c t i o n 
between methyl cyanide and diborane has been c a r r i e d out i n order t o 
e s t a b l i s h the f o l l o w i n g p o i n t s : 
1. Can t h i s r e a c t i o n be adapted i n t o a convenient preparative route 
t o N - t r i e t h y l borazine? 
2. Can the " v o l a t i l e m a t e r i a l " ^suggested by lEmeleuss and Wade to be 
(MeCH=NBH„) ] be prepared on a reasonable scale, and what i s i t s 2 n 
i d e n t i t y ? 
3. What i s the nature of the n o n - v o l a t i l e products of the reaction? 
Other boron hydride d e r i v a t i v e s have been used as p o t e n t i a l hydroboration 
agents, and t h e i r r eactions w i t h methyl cyanide studied. 
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Reaction of Methyl Cyanide w i t h Diborane 
When a preformed sample of the methyl cyanide-diborane adduct i s 
heated, the hydroboration r e a c t i o n i s so v i o l e n t as to cause extensive 
explosive decomposition, w i t h formation of i n t r a c t a b l e pol3miers and 
hydrogen. I n order t o avoid t h i s hazard, the adduct must decompose as 
i t i s formed, and so, diborane d i l u t e d w i t h n i t r o g e n was passed i n t o 
methyl cyanide i n a solvent at a temperature at which the adduct would 
immediately rearrange without complete breakdown of the products. This 
becomes an a t t r a c t i v e p r eparative route t o N - t r i e t h y l borazine. The 
pre p a r a t i o n was eve n t u a l l y attempted on a molar scale, i n order to prepare 
s u f f i c i e n t q u a n t i t i e s of the v o l a t i l e m a t e r i a l f o r i t s i s o l a t i o n . The 
temperature chosen f o r the r e a c t i o n was 80°C and t h i s was maintained by a 
water bath. The solvent, benzene i n i t i a l l y , was found to be unnecessary 
and i n l a t e r experiments, diborane was passed i n t o r e f l u x i n g methyl cyanide. 
The N - t r i e t h y l borazine i s probably most e a s i l y obtained from the 
r e a c t i o n mixture by d i s t i l l a t i o n a t atmosphere pressure followed by 
f r a c t i o n a t i o n a l d i s t i l l a t i o n of the d i s t i l l a t e . Pimiping the v o l a t i l e 
r e a c t i o n products onto the vacuvmi l i n e followed by a vacuum l i n e f r a c t i o n a t i o n 
always l e d t o samples of N - t r i e t h y l borazine contaminated by more v o l a t i l e 
i m p u r i t i e s . Hydrolysis of these samples w i t h strong a l k a l i gave hydrogen,. 
ethylamine and ammonia, demonstrating the presence of N-H i m p u r i t i e s . When 
a s l i g h t d e f i c i e n c y of diborane i s used, some of the v o l a t i l e i m p u r i t i e s do 
not seem t o be formed. The removal of the excess methyl cyanide presents 
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no problem and t h i s method gives i n i t i a l l y a cleaner sample of the 
borazine. The y i e l d s o f N - t r i e t h y l borazine were poor and the best y i e l d 
obtained was about 3 5 - 4 0 7 o . The advantage of t h i s preparation i s t h a t 
r e l a t i v e l y l a r g e q u a n t i t i e s of the borazine, about 2 5 grams, may be prepared 
i n one experiment i n a matter of two or three days. The la r g e s t scale 
a:ttempted was molar but there appears to be no reason why the scale of the-
experiment should not be increased f u r t h e r provided due care i s exercised 
to c o n t r o l the temperature and r a t e of passage of diborane. 
C h a r a c t e r i s a t i o n of the " V o l a t i l e M a t e r i a l " . ^ 
The l a r g e s t q u a n t i t y of t h i s m a t e r i a l obtained i n any one experiment 
was 0 * 4 gm. I n the e a r l y stages of p u r i f i c a t i o n , the compound was found 
to c o n t a i n v a r y i n g q u a n t i t i e s of N-ethylborazines as less v o l a t i l e i m p u r i t i e s 
and d i e t h y l ether as a more v o l a t i l e i m p u r i t y . Repeated f r a c t i o n a t i o n 
through a t r a p maintained a t - 9 6°C e f f e c t i v e l y removed a l l the ether. 
This could e a s i l y be seen i n the vapour phase i n f r a r e d spectrum, where 
trace q u a n t i t i e s of the very v o l a t i l e ether showed up st r o n g l y i n the 
region ^r^^ 1 1 5 0 cm"''". The purest sample obtained a f t e r repeated f r a c t i o n a t i o n 
through a t r a p maintained a t - 4 6°C s t i l l contained a f a i r l y high p r o p o r t i o n 
of e t h y l b o r a z i n e s , and these were seen i n the'H nuclear magnetic resonance 
spectra of the sample. The extreme a i r s e n s i t i v i t y of the compound, ( t r a c e 
q u a n t i t i e s sometimes gave a green f l a s h on exposure t o a i r when the i n f r a r e d 
gas c e l l was removed from the vacuum l i n e ) , and the t i n y q u a n t i t i e s i n which 
^ F r a c t i o n I I I i n Experimental Section, Page 
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i t was formed rendered techniques other than vacuimi l i n e techniques 
extremely d i f f i c u l t f o r i t s p u r i f i c a t i o n . Consequently, since a pure 
sample was never obtained i n a large enough q u a n t i t y , a n a l y t i c a l f i g u r e s 
were of no great value, so physi c a l methods were used almost e x c l u s i v e l y 
f o r i t s i d e n t i f i c a t i o n . The compound was f i n a l l y i d e n t i f i e d as 
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diethylaminodiborane Et2NB2H^ by the f o l l o w i n g physical methods, 
(a) I n f r a r e d Spectra. 
The vapour phase i n f r a r e d spectra of samples of the v o l a t i l e m a t e r i a l 
were taken immediately a f t e r each f r a c t i o n a t i o n during the p u r i f i c a t i o n , 
and the f r a c t i o n a t i o n procedure was repeated u n t i l successive spectra were 
i d e n t i c a l , w i t h respect t o the r e l a t i v e i n t e n s i t i e s of the peaks. At 
t h i s stage, i t was assimied t h a t the spectrum recorded was th a t of e i t h e r 
an e s s e n t i a l l y pure compound, or a mixture whose composition could no 
longer be changed by f u r t h e r f r a c t i o n a l d i s t i l l a t i o n . The most s t r i k i n g 
f eatures of the spectra were the two sharp, intense peaks at about 2500 cm ''', 
which had p r e v i o u s l y been assigned to BH2 s t r e t c h i n g modes, the peak at 
1635 cm"''' suggested to be a C=N s t r e t c h i n g mode, and a series of very 
intense peaks i n the region 950-1450 cm '''. 
The i n f r a r e d evidence together w i t h the n.m.r. evidence o u t l i n e d 
below i n d i c a t e s t h a t the m a t e r i a l may be Et2NB2H^ or EtNHB2H^. 
A comparison of the i n f r a r e d spectrum of the unknown m a t e r i a l w i t h 
t h a t of an authentic sample of diethylaminodiborane showed the two materials 
to be i d e n t i c a l . 
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A complete v i b r a t i o n a l assignment of the i n f r a r e d and Raman spectra 
of dimethylaminodiborane Me2NB2H^ has been made^^ and Table V I I I shows 
the assignments proposed, f o r some of the peaks i n the i n f r a r e d spectrum 
of diethylaminodiborane Et2NB2H^. Where there i s good c o r r e l a t i o n , the 
frequencies f o r the corresponding peaks i n the i n f r a r e d spectrxnn of 
ethylaminodiborane EtNHB2H^ are also l i s t e d . The peak at 1634 cm i n 
the i n f r a r e d spectrum of the v o l a t i l e m a t e r i a l thought to a r i s e from a 
C=N s t r e t c h i n g mode can now be assigned w i t h reasonable c e r t a i n t y to a 
s t r e t c h i n g v i b r a t i o n of the b r i d g i n g hydrogen, corresponding t» the band 
at 1604 cm '" i n the i n f r a r e d spectrum of diborane. 
( b ) Nuclear Magnetic Resonance Spectra 
The proton magnetic resonance spectrum was recorded i n benzene s o l u t i o n , 
w i t h t e t r a m e t h y l s i l a n e as i n t e r n a l reference, as i s shown i n F i g . I I . 
The spectrirai consisted of two quartets ( T= 7*2 and 8*5 w i t h J = 7*2 c.p.s. 
and 127 c.p.s. r e s p e c t i v e l y ) and a t r i p l e t ( r = 8*9, w i t h J = 7*2 c.p.s.), 
complicated by.another quartet and t r i p l e t of much lower i n t e n s i t y from the 
borazine i m p u r i t y . The quartet w i t h J = 127 c.p.s. was assigned t o a 
proton bound to one boron atom, the spin of \Aiich i s 3/2. The other quartet 
and the t r i p l e t were assigned to the methylene and methyl protons of an 
e t h y l group. 
The i n t e g r a t e d spectrum d i d not d i s t i n g u i s h conclusively between 
e t h y l - and diethylamino-diborane, because: 
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.TABLE:.VIII 
EtNHB2H^ Assignment 
3373 
2985VS 2976s vCH 
2950 vCH 
2899 2903m VCH 
2541VS 2538vs 2547 VBH2 
2478vs 2475VS 2476 VBH2 
2404 
2370 
1880 1905m 1868 vBH' 
1634vs 1635VS 1635 vBH' 
1555 1572m 
1449vs 1422s 1458 5CH 
1387m 
1305 
1193VS 1183VS 1198 SBH2 
1133m 
1067vs 1053VS 1063 vBN 
953VS 946vs 956 vCN 
891 896 PBH2 
792 795m 
.715 717m 
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( a ) the peaks due to the B-H protons were very broad, thus making them of 
u n c e r t a i n i n t e n s i t y . 
( b ) the coupling constant was so l a r g e that only one component of the 
q u a r t e t could be i n t e g r a t e d at a time, and so f u r t h e r reduced the i n t e n s i t y 
of the B-H proton. 
( c ) other components of the quartet were p a r t i a l l y obscured by the e t h y l 
group protons, and 
( d ) the N - t r i e t h y l b o r a z i n e impurity a l s o c o incided with the e t h y l group 
protons, thus i n c r e a s i n g t h e i r i n t e n s i t i e s even f u r t h e r . 
The proton magnetic resonance spectrum of an a u t h e n t i c sample of 
ethylaminodiborane was recorded. I t was s i m i l a r to that of diethylamino-
diborane except t h a t i t was impossible to r e s o l v e completely the peak due 
to the methylene of the e t h y l group i n t o a quartet. . 
The "B n u c l e a r magnetic resonance spectrum, was recorded i n benzene 
s o l u t i o n , w i t h methyl borate as e x t e r n a l r e f e r e n c e . A t r i p l e t of doublets 
was o b t a i n e f 36*8 p.p.m. to high f i e l d of methyl borate with j ( t r i p l e t ) = 
130 c.p.s., and j ( d o u b l e t ) = 31 c.p.s. Boron-proton coupling has been 
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observed only when the proton i s bonded d i r e c t l y to the boron atom. 
The s p i n of a proton i s 1/2, and so the t r i p l e t of doublets i s best 
i n t e r p r e t e d as coupling of a s i n g l e boron atom with two protons i n one 
environment g i v i n g the t r i p l e t and with one proton, i n a d i f f e r e n t 
environment, s p l i t t i n g each component of the t r i p l e t i n t o a doublet. 
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(MeO) B 
An element of s t r u c t u r e vrtiich f u l f i l s these c o n d i t i o n s i s found i n the 
aminodiboranes, where the t e r m i n a l protons give r i s e to the t r i p l e t and 
Me Me 
H N. ^ H 
the b r i d g i n g proton gi v e s r i s e to the doublet, providing there i s no r a p i d 
exchange of protons. The "B n u c l e a r magnetic resonance spectrum of 
dimethylaminodiborane Me2NB2H^ has been published^^ and a l s o i s a t r i p l e t 
of doublets with J ( t r i p l e t ) = 130 c.p.c. and j ( d o u b l e t ) = 30 c.p.s. 
More r e c e n t work on the "B n u c l e a r magnetic resonance s p e c t r a of amino-
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diboranes shows the f i n e s t r u c t u r e to be dependent upon temperature. 
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At -39 C, the spectrtma i s a w e l l - d e f i n e d t r i p l e t o f doublets, but a t 
83°C, t h i s breaks down i n t o a simple s e x t e t showing t h a t proton exchange 
i s r a p i d and t h a t each boron atom i s e q u a l l y coupled to a l l f i v e protons. 
I n the l i m i t of r a p i d exchange, the s e x t e t becomes p e r f e c t l y S3ramietrical, 
and t h i s i s the case when the spectrum i s recorded i n an ether s o l v e n t , 
a t room temperature, 
( c ) Mass S p e c t r a 
The mass spectrum was recorded and accurate masses measured on the 
major peaks and on the peaks a t high mass. Some of the high mass peaks 
were shown to be B^N^ fragments derived from e t h y l b o r a z i n e s . The h i g h e s t 
mass peak which could not be a t t r i b u t e d to a fragment from an ethylborazine 
was a t mass 98, and the a c c u r a t e mass of t h i s peak corresponded to 
diethylaminodiborane with the b r i d g i n g hydrogen knocked o f f . The major 
peaks, and t h e i r e m p i r i c a l formulae are l i s t e d i n Table V on page 36 
i n the experimental s e c t i o n . The i n t e r p r e t a t i o n of the breakdown p a t t e r n 
i s b e s t shown i n diagrammatic form; (see f o l l o w i n g page). The i n t e g r a l 
masses are shown on the l e f t of the s t r u c t u r e thus 99_, and the i n t e n s i t i e s 
of the peaks are shown i n decreasing i n t e n s i t y thus A B e t c . "Me'ttastable" 
means th a t the mechanism i s confirmed by the presence of a metastable ion. 
The breakdown p a t t e r n i s c o n s i s t e n t with the formulation of the 
compound as C^Hj^^B^N, and was found to be i d e n t i c a l with t h a t of an 
a u t h e n t i c sample of diethylamino diborane. 
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The most i n t e n s e peak i n the spectrum i s a t mass 70. T h i s fragment 
has the formula C^H^BN and the s t r u c t u r e assigned, [CH2'^^NEt-^BH2]'^, i s 
analogous to an a l l y l c a t i o n , [CH2-^-^Et-^'^H2]''". A r e l a t e d s t r u c t u r e i s 
suggested f o r the peak a t mass 42 ([CH2^^mi^^BH2]''"), while the s t r u c t u r e 
proposed f o r the ion of mass 68, [ C H 2 - ^ ^ N ( v i n y l ) ^ ^ B H 2 ] combines the a l l y l 
and butadiene s t r u c t u r a l types. The peaks a t masses 40 and 38 seem to 
r i s e from c a t i o n s r e l a t e d to a l l e n e c a t i o n s , and extended u n s a t u r a t i o n i s 
seen to be a feat u r e of the s t r u c t u r e s proposed f o r some of the other 
fragments. The major u n c e r t a i n t y i n these assignments i s the p o s i t i o n of 
the hydrogens, and s t u d i e s on the mass spectrum of Et2NB2D^ are planned to 
check these assignments. 
The unusual o b s e r v a t i o n which has emerged from t h i s r e a c t i o n i s that 
r e d u c t i o n of a compound c o n t a i n i n g two carbon atoms attached to one nitroge n 
has produced a compound co n t a i n i n g four carbon atoms attached to one 
ni t r o g e n atom. T h i s may be compared with the following r e a c t i o n s : -
( a ) The formation of hexamethy1ene-tetramine from formaldehyde and ammonia 
which i s thought to go by the fo l l o w i n g intermediates: 
6HCH0 + 6m^ > .6 
H 
I 
H - C - OH 
I 
NH. 
.6H 0 -2NH 
^ 6 (CH2=NH) ^ ^^^iW 
2
( b ) The r e a c t i o n of t e r t i a r y b u t y l cyanide with t e r t i a r y b u tyl magnesium 
c h l o r i d e : 
150°C 
Me3CC=N + Bu MgCl Me^CCHO + Me2CCH=NCH2CMe2 
then hydrolyse 317o 
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79 ( c ) The r e a c t i o n of diethylalimiinixm hydride with phenyl cyanide: 
hydrolyse 
Et^AlH or Bu^ AlH + PhCN ^ PhCHO + PhCH:NCH2Ph 
( s m a l l q u a n t i t y ) 
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(d ) The p y r o l y s i s of phenyl(bis)isobutylaminoboron. (Bu NH)2BPh: 
(Bu^NH)2BPh > Bu^NH2 + Bu^N^B^Ph^ + CgH^^N 
The fragment CgHj^^N was i d e n t i f i e d by i t s mass spectrum and may be 
Me2CHCH=NBu*^ or Me2C=CHNHBu^. 
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( e ) The r e a c t i o n of t r i e t h y l b o r o n with diphenyl ketimine. 
Ph-C=NH + Et^B > C„H, + Ph_C=N - CHPh_ 
2 3 ' 2 4 2 2 
+ 
some 
Ph 
C h a r a c t e r i s a t i o n of the i n v o l a t i l e m a t e r i a l , F r a c t i o n V from the hydro-
b o r a t i o n of methyl cyanide. 
When a l l the m a t e r i a l s v o l a t i l e a t room temperature had been pumped 
away, a v i s c o u s o i l y r e s i d u e remained. A c o l o u r l e s s l i q u i d d i s t i l l e d from 
t h i s a t 60°C and-0*01 Hg. pr e s s u r e and t h i s l i q u i d had a n a l y t i c a l f i g u r e s 
corresponding to Et_N B^H, for which a formula can be drawn based on two 
7 7 b 4 
N - t r i e t h y l b o r a z i n e u n i t s l i n k e d through an NEt bridge (see diagram) but the 
Et E t E t 
» N N 
HB ^B ^B ^BH 
I I I I 
EtN>, vNEt EtN .NEt 
^ B ^ B 
H H 
molecular weight, obtained c r y o s c o p i c a l l y i n benzene, was about 270, i n s t e a d 
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of the r e q u i r e d 372. I t was thought that t h i s low answer may have been 
due to some N - t r i e t h y l b o r a z i n e and some N-H i m p u r i t i e s i n the sample, so 
attempts were made to prepare a u t h e n t i c samples of the compound, Et^N^B^H^. 
The f i r s t method attempted was the hydroboration of methyl cyanide with N-
t r i e t h y l b o r a z i n e because, i f t h i s worked, i t fur n i s h e d a ready explanation 
fo r the formation of Et^N^B^H^ during the r e a c t i o n of methyl cyanide with 
diborane. 
i . e . 2 Et^N^B^H^ + N = CMe ^ ^^*=3^3^3^2^2 NCH2Me 
There was no r e a c t i o n under the conditions used. The second method 
attempted was the r e a c t i o n between ethylamine and N - t r i e t h y l b o r a z i n e . 
i . e . 2 Et^N^B^H^ + EtNH2 ^ (.Et^l^^B^R^)^ NEt + 2H2 
I n t h i s c a s e , r e a c t i o n did occur to some extent, but not i n the r a t i o 
1:2, EtNH2:Et2N2B2H2, as was hoped f o r . The r e a c t i o n product was a 
mixture of N-ethylaminoborazines with some l i n k e d borazine r i n g s , and 
every f r a c t i o n obtained had a very strong, sharp i n f r a r e d absorption due 
to the N-H s t r e t c h i n g mode. 
The mass spectrum of F r a c t i o n V was recorded, and the most intense 
s e r i e s of peaks were observed around mass 245. Higher mass peaks were 
observed i n groups around masses 295 and 325, with some very weak peaks 
around masses 295 and 325. The accurate masses of some of the peaks i n d i c a t e s 
t h a t the B:N r a t i o i s l e s s than 1:1, and t h i s excess of nitrogen i n t h i s 
f r a c t i o n i s not s u r p r i s i n g i f a d i s p r o p o r t i o n a t i o n r e a c t i o n i s r e s p o n s i b l e 
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for the formation of diethylaminodiborane. F u r t h e r work on the mass 
spectrum of t h i s f r a c t i o n i s n e c e s s a r y before any s p e c u l a t i o n can be made 
about i t s true i d e n t i f y ; i t seems p o s s i b l e t h a t the f r a c t i o n s t i l l contains 
v a r i o u s components, and that the a n a l y t i c a l and molecular weight f i g u r e s 
r e p r e s e n t average v a l u e s . 
R e a c t i o n of Chloroboranes with Methyl Cyanide 
Boron t r i c h l o r i d e and diborane e q u i l i b r a t e r a p i d l y i n the presence 
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of e t h e r s to give c h l o r o b o r a n e i e t h e r a t e s . 
B^R^ + BCl^ + 3 R2O > 3 H2BCI. OR2 ' 
B^R^ + 4 BCl^ + 6 R2O ) 6 HBCI2.OR2 
These chloroborane e t h e r a t e s r e a c t with carbonyl compounds, reducing them 
to a l c o h o l s . 
The r e a c t i o n s of HBCl2-OEt2 and H2BCl.OEt2 with methyl cyanide were 
s t u d i e d i n the e x p e c t a t i o n t h a t ethylideneaminoboron d i c h l o r i d e and 
B - t r i c h l o r o - N - t r i e t h y l b o r a z i n e would be formed. 
nBHCl2 + nMeCN > (MeCH=NBCl2)j^ 
3 BH2CI + 3MeCN > Et^N^B^Cl^. 
I n n e i t h e r case was the d e s i r e d product obtained. Both r e a c t i o n s appeared 
to go v i a a d i s p r o p o r t i o n a t i o n i n t o methyl cyanide-boron t r i c h l o r i d e adduct 
MeCN,BCl2, with the simultaneous formation of borazines and borazine polymers. 
No v o l a t i l e m a t e r i a l other than MeCN.BCl^ was obtained from the mono-
chloroborane r e a c t i o n . The i n f r a r e d spectrimi of the residue demonstrated 
the presence of B-H, C=N and C=N groups and t h i s was p a r t l y confirmed by 
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the e v o l u t i o n of hydrogen, ammonia and ethylamine on a l k a l i n e h y d r o l y s i s . 
The r e a c t i o n of dichloroborane with methyl cyanide r e s u l t e d i n the formation 
of l a r g e r q u a n t i t i e s of MeCN,BCl^ and t h i s time, a l i q u i d could be d i s t i l l e d 
from the r e s i d u e . A n a l y s i s of t h i s l i q u i d showed i t to be a mixture of 
N e t h y l - B c h l o r o - b o r a z i n e s , and t h i s c o n c l u s i o n was supported by very broad 
i n t e n s e absorptions i n the i n f r a r e d spectrum a t '*'1450 cm ^, which i s i n 
the r e g i o n c h a r a c t e r i s t i c of borazine r i n g v i b r a t i o n s . 
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The r e a c t i o n s of chloro-alane-amine adducts , e.g. HAlCl2,NMe2 and 
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g a l l i u m h a l i d e hydrides HGaCl2, HGaBr2 with methyl cyanide have been 
s t u d i e d . These r e a c t i o n s a l s o appear to i n v o l v e a d i s p r o p o r t i o n a t i o n and 
the d e s i r e d alkylideneamino d e r i v a t i v e s are not obtained. The r e a c t i o n 
products are y e l l o w i n v o l a t i l e g l u e s . 
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R e a c t i o n of Organoaluminium Compounds with A l i p h a t i c Cyanides. 
Re a c t i o n s between cyanides and organoaluminium compounds have been 
st u d i e d by s e v e r a l groups of workers, who have shown that ketones, aldehydes, 
or amines may be obtained by h y d r o l y s i s of the r e a c t i o n mixture. For 
example, Oilman and Marple^^ obtained phenyl p - t o l y l ketone i n 17% y i e l d 
from phenyl cyanide and t r i - p - t o l y l a l i m i n i u m a t about 130-140°: 
PhCN + (p-MeCgH^)2Al ^ [p.MeCgH^.C(Ph) = NAl (p-Me.CgH^)2] 
«2° 
p.Me.C,H, .COPh 
6 4 
Acetophenone has been prepared i n 26-39%' v y i e l d from phenyl cyanide using 
methylaluminium d i c h l o r i d e a t 170°C and i n 48-60% y i e l d using dimethylaluminiirai 
c h l o r i d e . ' 
The higher a l k y l s of aluminivmi tend to l o s e o l e f i n when heated with 
n i t r i l e s ; subsequent t r a n s f e r of hydrogen a f f o r d s an aldehyde or amine on 
0- J 1 - 8 5 h y d r o l y s i s . 
Bu^Al 80-90° 
PhCN / P T j S > [PhCH:N.AlBu!^] 
A-C^Hg; 2 
Bu^Al 
[PhCH2N(AlBu2)2] 
H2O 
PhCHO PhCH2NH2 
Dibutylaluminium hydride BU2AIH, r e a c t s s i m i l a r l y . ^ ^ ' ' ' " ^ ' ^ ^ Vacuum 
d i s t i l l a t i o n of a mixture of propyl cyanide and BU2AIH was reported to give 
n-butylidene aminodibutyl alvminium, ( P r . C H = N A l B u 2 t h e molecular weight 
14 
of which was not recorded. 
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Work on the phenyl cyanide-triphenylaluminiiam system has shown that 
a c r y s t a l l i n e s o l i d adduct, PhCN,AlPh2, can be prepared by d i r e c t r e a c t i o n 
of the components i n benzene s o l u t i o n . T h i s rearranges slowly a t 90° 
and more r a p i d l y a t 140°C to form (Ph2C=NAlPh2)^, m.pt. 298-300°C, fo r 
which e b u l l i o s c o p i c measurements on benzene s o l u t i o n s i n d i c a t e a degree 
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of a s s o c i a t i o n n = l * l - 1*2. 
The r e a c t i o n s of phenyl cyanide with Me^Al, E t ^ A l , Ph^Al, Me2AlCl and 
3 8 
Me2AlH have been s t u d i e d , by Dr. J . E. L l o y d of t h i s Department. A l l 
r e a c t e x o t h e r m i c a l l y with phenyl cyanide at room temperature, the f i r s t 
four forming adducts PhC:N,AlR^ which rearrange when heated i n t o dimeric 
alkylideneaminoaluminium d e r i v a t i v e s , (PhCR=NAlR2)2• The hydride Me2AlH 
forms (PhCH=N,AlMe2)2 d i r e c t l y , no adduct being i s o l a b l e a t room temperature. 
Dr. L l o y d a l s o i n i t i a t e d an i n v e s t i g a t i o n i n t o the r e a c t i o n s between 
meihyl cyanide and organoaltmiinium compounds. The author completed t h i s 
i n v e s t i g a t i o n and subsequently studied the r e a c t i o n s between t e r t i a r y b u t y l 
cyanide and organoaluminium compounds. The d i s c u s s i o n i n the following 
pages concerns both of these r e a c t i o n systems. 
A l k y l Cyanide Adducts 
The adducts and t h e i r rearrangement r e a c t i o n s are l i s t e d i n Table IX. 
The compounds .RCN,AlMe^ (R = Me, E t , or Bu*^), R'CN,AlEt^, and 
R'CN,AlMe2Cl(R' = Me or Bu*") were r e a d i l y prepared by the exothermic; r e a c t i o n 
between equimolar q u a n t i t i e s of n i t r i l e and organoaluminium. The t r i p h e n y l -
aluminivmi complexes R'CN,AlPh2 were prepared from the ether complex 
Et20,AlPh2 and only a s l i g h t excess of n i t r i l e , a r e a c t i o n that may r e f l e c t 
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TABLE I X . 
Thermal rearrangement of adducts RCN,AlR'. 
Adduct Decomposition Temp. Reaction + 
Non-poljmieric 
product Y i e l d (%) 
Bu'^CN,AlMe^ 150° Me (Bu*^CMe:N*AlMe2)2 95 
Bu*^CN,AlEt^ 155-160 C2H^,tH-* (Bu*^CH:N'AlEt2)2 80 
Bu*^CN,AlPh2 170 Ph (Bu^CPh:N»AlPh2)2 85 
Bu^CN,AlMe2Cl 240 Me (Bu*^CMe:N*AlMeCl)2 60 
Bu^CN,AlMe2H'' <20 (Bu'^CH:N'AlMe2)2 90 
MeCN,AlMe2 120-150 MeH,tMe-> (Me2C:N'AlMe2)2 15-20 
MeCN,AlEt^ 110-130 EtH,'j^Et-^ (MeCEt:N'AlEt2)2 18 
MeCN.AlPh^ 190-200 PhH,tPh-> (MeCPh:N»AlPh„). 
2 n 
15 
MeCN,AlMe2Cl 160-165 MeH/rMe-> (Me2C:N'AlMeCl)2 
+ 
(Me_C:N'AlMeClL 
2 . n 
7 
4 
MeCN,AlMe2H* < 20 H-> (MeCH:N'AlMe2)2 90 
EtCN,AlMe2 160-170 MeH/fMe-» (EtCMfe:N*AlMe2)2 26 
+ Adduct i t s e l f not i s o l a t e d , r e a rranging below room temperature. I n 
t h i s column,->f i n d i c a t e s gas evolved,-^ i n d i c a t e s group or atom migrating. 
the r e l a t i v e v o l a t i l i t i e s of the two competing donor molecules r a t h c e r than 
t h e i r r e l a t i v e donor s t r e n g t h s , as Mole has shown that i n dsuterochloroform 
s o l u t i o n phenyl cyanide only p a r t l y d i s p l a c e s co-ordinated ether from t r i -
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86 phenylaluminium. A l k y l cyanide adducts of dimethylaluminiim hydride 
RCN,AlMe2H were not i s o l a t e d ; l i k e the phenyl cyanide compound these 
rearranged r a p i d l y a t room temperature to give the products described 
below. 
The a l k y l cyanide adducts i s o l a t e d decomposed r a p i d l y i n the presence 
of a i r or moisture, but were r e a d i l y c h a r a c t e r i s e d by the methods o u t l i n e d 
i n the Experimental S e c t i o n . They were monomeric i n benzene, and t h e i r 
i n f r a r e d s p e c t r a contained bands c h a r a c t e r i s t i c of co-ordinated n i t r i l e 
groups a t f r e q u e n c i e s some 30-60 cm. ^ higher than the frequency of the 
f r e e n i t r i l e , as shown i n Table X. An i n c r e a s e i n the frequency, Av, 
a s s o c i a t e d with the C=N s t r e t c h i n g v i b r a t i o n on co-ordination i s a f a m i l i a r 
f e a t u r e of the s p e c t r a of n i t r i l e adducts. I t has g e n e r a l l y been 
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a t t r i b u t e d to ' ' the Tmbchanical c o n s t r a i n t imposed on the v i b r a t i o n 
of the n i t r o g e n i n the l i n e a r adducts compared with the f r e e n i t r i l e , 
although an a c t u a l strengthening of the C=N bond on coordination has a l s o 
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been suggested. Both explanations r e q u i r e Av to i n c r e a s e with the 
s t r e n g t h of the coordinate l i n k . However, r e c e n t c a l c u l a t i o n s by B e a t t i e 
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and G i l s o n of C=N and B-N s t r e t c h i n g frequencies for adducts MeCN,BX2 
(X=F,C1, or B r ) have shown the need for caution i n r e l a t i n g Av to Lewis 
a c i d i t y i n n i t r i l e adducts because of 'mixing' of the v a r i o u s v i b r a t i o n a l 
modes. Recent f o r c e constant determinations and molecular o r b i t a l 
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c a l c u l a t i o n s have been reported by P u r c e l l and Drago. I t was found that 
the C^N frequency i n c r e a s e d only s l i g h t l y as a r e s u l t of kinematic coupling 
i n the subsystem [C^N — > a c i d ] . • However, the C=N force constant was 
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shown to i n c r e a s e s i g n i f i c a n t l y upon coo r d i n a t i o n of a c e t o n i t r i l e and 
i s the main cause f o r the frequency i n c r e a s e . The molecular o r b i t a l 
c a l c u l a t i o n s supported t h i s , and allowed the co n c l u s i o n that the 'N^^ 
o r b i t a l i n overlapping more with the C and C„ o r b i t a l s was r e s p o n s i b l e 
^ s ^po* 
for the observed strengthening of the C=N l i n k upon coordination of 
CH^CN to Lewis a c i d s . 
I n our a l k y l cyanide adducts, the i n c r e a s e , Av, i n the n i t r i l e 
s t r e t c h i n g frequency on co - o r d i n a t i o n v a r i e s with the acceptor molecule, 
TABLE X 
I n f r a r e d s p e c t r o s c o p i c r e s u l t s f o r adducts RC:N,A1R' 
Acceptor molecule 
N i t r i l e AlPh^ A l E t ^ AlMe^ AlMe2Cl 
VCN PhCN . 2230** 2265"*" 2270^ 2273"*" 2273$ 
MeCN 2253^* 2287"*" 2290* 2296'*' 2296"*" 
Bu*^ CN 223 5*^  2285"*" 2282* + 2282 2293"*" 
Av PhCN 35 40 43 43 
MeCN 34 37 43 43 
Bu*^CN 50 47 47 58 
vAlN PhCN 411-^ 394* 391"*" 412$ 
MeCN 408''' 4402* 401"'' 412-^ 
t 
Bu CN - 424$ 412* 412$ 407$ 
Values f o r EtCN,AlMe2; vCN = '2294*'. Av = 47. Frequencies 
'hjiquid f i l m . Nujol m u l l . + Benzene s o l u t i o n . 
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and f o l l o w s a s i m i l a r trend to tha t observed for r e l a t e d phenyl cyanide 
adducts. Values of Av for methyl cyanide complexes do not, i n f a c t , d i f f e r 
s i g n i f i c a n t l y from the v a l u e s f o r corresponding phenyl cyanide compounds, 
and can be i n t e r p r e t e d i n terms of i n c r e a s i n g acceptor power AlPh„ < A l E t ^ 
AlMe^ = AlMe2Cl. I n s t u d i e s of n i t r i l e complexes of inorganic h a l i d e s , other 
workers have found t h a t v a l u e s of Av for complexes of phenyl cyanide were 
s i g n i f i c a n t l y lower than v a l u e s f o r complexes of methyl cyanide. ^'^^ T h i s 
r e s u l t was explained i n terms of i n t e r a c t i o n between r i n g and n i t r i l e o r b i t a l s 
i n the phenyl cyanide adducts, a l l o w i n g c o n t r i b u t i o n from such canonical 
forms as "'"CgH^ =C=N~. The v a l u e s obtained for Av f o r the complexes of t- b u t y l 
cyanide a r e s t i l l h igher than the va l u e s for the complexes of the other 
n i t r i l e s , and correspond to the s e r i e s of i n c r e a s i n g acceptor power A l E t ^ = 
AlMe^ AlPh^ ^ AlMe2Cl. As the frequency d i f f e r e n c e s involved are s m a l l , 
too much s i g n i f i c a n c e should not be attached to t h e i r v a l u e s , although the 
r e s u l t s a r e i n general agreement with the sequence t h a t would be expected 
from c o n s i d e r a t i o n of the r e l a t i v e e l e c t r o n e g a t i v i t i e s of the groups attached 
to alimiinium. 
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A r e c e n t p u b l i c a t i o n about the s t r u c t u r e and i n f r a r e d s p e c t r a of 
complexes of organoaluminium compounds with n i t r i l e s i s g e n e r a l l y i n good 
agreement w i t h the work reported here. 
A l s o l i s t e d i n Table X are the frequencies of bands that are considered 
to be a s s o c i a t e d with the Al-N s t r e t c h i n g v i b r a t i o n . A sharp band i n the 
re g i o n 390-425 cm."''" i s common to the s p e c t r a of a l l the adducts, but i s 
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absent from the spectra of the component n i t r i l e s and organoaluminium 
acceptor compounds. A band associated w i t h the Al-N s t r e t c h i n g v i b r a t i o n 
might be expected i n t h i s region by analogy w i t h r e l a t e d compounds such as 
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aminealvrniinitm hydride adducts and amino-aliminium a l k y l s i n the spectra 
of which bands near 500 cm."''" have been assigned t o Al-N v i b r a t i o n s . Also, 
the spectrum of the g a l l i u m t r i c h l o r i d e complex MeCN,GaCl^ contains a band 
at 335 cm. which has been c a l c u l a t e d t o ar i s e l a r g e l y from a Ga-N 
s t r e t c h i n g v i b r a t i o n ^ T h e extent to which the band near 400 cm."''' 
i n the spectra of the or g a n o a l t r a i i n i i m i - n i t r i l e adducts may be regarded as 
due t o an Al-N s t r e t c h i n g v i b r a t i o n , however, i s uncertain. Beattie and 
Gilson have r e c e n t l y shown t h a t , i n the spectrum of (Me^N)2AlH^, a band 
near 200 cm. ''' i s more p r o p e r l y t h a t designated v^^ ^ , the band a t 460 cm. '" 
being mainly associated w i t h deformation of the trimethylamine groups^''"'^^. 
Thus, although an Al-N s t r e t c h i n g v i b r a t i o n i s considered to be involved i n 
the v i b r a t i o n g i v i n g r i s e t o the absorption near 400 cm. ^ i n the spectra 
of our n i t r i l e complexes, i t i s not possible to draw any d e t a i l e d conclusions 
from the precise value of the frequency of t h i s band. Although the spectra 
of several of the n i t r i l e complexes were recorded up t o 200 cm. ^, no other 
band a t t r i b u t a b l e t o v., „ was found. 
Al-N 
Rearrangement Reactions 
These are summarised i n Table IX. The adducts of t - b u t y l cyanide 
rearranged i n a s i m i l a r manner to those of phenyl cyanide, forming dimeric 
alkyl-ideneaminoalanes i n good y i e l d , e.g. , 
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Bu*^  A l Me 
\ 
Al 1 
/ \ / 2Bu^CN,AlMe. 150°. ' C=N N=C * / \ ^ \ , 
Me Al Bu 
Me2 
The adduct of t r i e t h y l a l u m i n i v m i l o s t ethylene at about 155-160°, and 
subsequent .(or simultaneous) hydrogen t r a n s f e r gave (Bu^CH:N'AlEt^)2 the 
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neopentylideneamino-compound. Triethylaluminium i t s e l f loses ethylene ' 
at about 160°, although by the r e v e r s i b l e r e a c t i o n Et^Al Et^AlH + ^^g^, 
so t h a t the o v e r a l l r a t e of decomposition appears slower than the i r r e v e r s i b l e 
decomposition of the t r i e t h y l a l u m i n i u m - n i t r i l e adducts. When Bu''CN,AlEt^ 
was h e l d a t about 160°, some t r a n s f e r of e t h y l apparently occurred as w e l l , 
the product having an e x t r a band i n the C:N region of the i n f r a r e d spectrum 
at 1626 cm. the frequency a t which such a band might be expected f o r the 
compound (Bu*'CEt:N*AlEt2)2 > but a pure sample of the l a t t e r was not i s o l a t e d . 
I t was found convenient t o use a s l i g h t l y higher temperature f o r the 
rearrangement of the triphenylaluminium adduct, although there seemed l i t t l e 
d i f f e r e n c e between the migratory aptitudes of methyl and phenyl groups. 
However, the methyl groups of Bu*'CN,AlMe2Cl were markedly less mobile, a 
temperature of 240° being necessary f o r the rearrangement of t h i s adduct. 
Other workers also have found the t r a n s f e r of organic groups from a l k y l -
aluminium h a l i d e s t o occur less r e a d i l y than the t r a n s f e r of groups from the 
t r i a l k y l s . •'•^'•'•^  Hydrogen t r a n s f e r occurred much more r e a d i l y than a l k y l or 
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or a r y l t r a n s f e r ; dimethylaltminium hydride and t - b u t y l cyanide gave 
neopentylideneaminodimethylaluminium dimer when mixed a t , or below, room 
temperature. Our r e s u l t s show t h a t the readiness w i t h which groups attached 
to aluminium migrate t o the carbon of a cyanide group decrease i n the sequence 
H ( o f AlMe2H)^Me ( o f AlMe^ )--«-,Et ( o f A l E t ^ ) > Ph ( o f AlPh2> Me ( o f AlMe2Cl), 
a sequence i n which there appears to be decreasing negative charge on the 
m i g r a t i n g atom or group. 
The p o s s i b i l i t y of f u r t h e r rearrangement of the alkylideneamino-
d e r i v a t i v e s , i n v o l v i n g t r a n s f e r of another organic group from aluminivmi to 
the carbon of the azomethine group, e.g. (Bu^CR:N*AlR2)2 ^ (Bu^CR2N•AlR)^m 
was explored by heating the methyl compound (Bu^CMe:N •AlMe2 )2 t o 280°, but 
l i t t l e change occurred. There appeared to be no r e a c t i o n , e i t h e r , when 
t h i s compound was heated w i t h trimethylalimiinium t o a s i m i l a r temperature, 
conversion i n t o Bu*'CMe2N(AlMe2)2 then being considered possible. 
Methyl and e t h y l cyanide d i f f e r from t - b u t y l and phenyl cyanides i n 
having attached to the a-carbon atom hydrogen atoms th a t allow the p o s s i b i l i t y 
of a c i d i c r e a c t i o n . As a consequence, the thermal decomposition of t h e i r 
adducts w i t h organoaltmiiniimi compounds follows a d i f f e r e n t course, the 
main r e a c t i o n i n v o l v i n g cleavage of organic groups from aluminivim, e.g. 
n f f l CN,A1R„ > (R_A1CH„CN) + nRH 
3 3 ' I z n 
S i m i l a r cleavage of organic groups from magnesiim occurs i n reactions 
between Grignard reagents and c e r t a i n a l k y l cyanides."^ Thus, methane was 
evolved from methylaluminiim adducts, ethane from the ethylaluminitmi compound 
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and benzene from the phenyl compound when these were heated t o the 
temperatures shown i n Table IX. Once decomposition had s t a r t e d , very 
r a p i d e v o l u t i o n of gas occurred as the heat evolved rai s e d the r e a c t i o n 
temperature, so t h a t g e n e r a l l y the bulk of a sample of adduct was converted 
i n t o a glue or glass w i t h i n a minute; not a l l of a sample decomposed i n 
t h i s manner, however. The q u a n t i t y of gas evolved was r a r e l y more than 
607o of t h a t expected from the equation above, and small samples ( 20%) of 
alkylideneamino-compounds (MeCR:N'AlR2)^ were recovered from the residue 
by vacuum sublimation, showing t h a t a rearrangement r e a c t i o n l i k e t h a t which 
occurs w i t h phenyl or t - b u t y l cyanide adducts had also taken place, e.g. 
• MeCN.AlMe^ ^ 15-20% (Me2C:N»AlMe2)2 
The decomposition temperature of methyl cyanide adducts i s lower than 
t h a t of corresponding adducts of t - b u t y l or phenyl cyanides, although the 
triphenylaluminium compound i s comparatively stable to heat, and the adduct 
of diraethylaluminivrai c h l o r i d e loses methane less r e a d i l y than t h a t of t r i -
methylaluminium. A consequence of the lower r e a c t i o n temperature i s that 
the s l i g h t rearrangement of MeCN,AlEt2, which occurs simultaneously w i t h 
the loss of ethane, involves m i g r a t i o n of e t h y l groups ra t h e r than loss of 
ethylene and m i g r a t i o n of hydrogen. M i g r a t i o n of hydrogen occurs when methyl 
cyanide and dimethylaluminium hydride are mixed a t , or below, room temperature, 
so t h a t i n t h i s system methyl cyanide does not d i f f e r from the other cyanides 
stiadied. 
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The i n v o l a t i l e glassy residues l e f t a f t e r methyl cyanide adducts have 
decomposed, shown as (R2A1CH2CN)^ above, are apparently complex polymeric 
m a t e r i a l s . They are i n s o l u b l e i n the common i n e r t organic solvents, but 
are r e a d i l y hydrolysed by d i l u t e acids. Values of the R:A1 r a t i o l i e between 
1:1 and 2:1, showing t h a t some rearrangement as w e l l as cleavage of groups R 
from aluminium has occurred, a conclusion supported by the presence of ketones 
i n the hydrolysate and by bands c h a r a c g e r i s t i c of C=N groups as w e l l as C=N 
groups i n the i n f r a r e d spectra of the polymers. 
Although adducts RCNjAlR^ do not rearrange appreciably at temperatures 
below 100°, Reinheckel and Hahnke''"^  have shown t h a t a d d i t i o n across the C:N 
l i n k occurs a t a lower temperature i f the adduct i s tr e a t e d w i t h an equimolar 
q u a n t i t y of the organoaluminium compound: 
RCN,A1R' + AIR' > - (RR'C:N*A1R' ) + AIR* 
I f the product i s hydrolysed, t h i s r e a c t i o n a f f o r d s a route to ketones RR'CO, 
which might otherwise be obtained i n only very low y i e l d ( i f R contains hydrogen 
attached t o the a-carbon atom), or not at a l l ( i f R' = Et, when loss of 
ethylene and hydrogen m i g r a t i o n tend t o occur). As a route t o rearranged 
compounds (RR'C:N*A1R'2)^ i t i s less u s e f u l , since the product contains 
combined AlR'^, p o s s i b l y i n the form RR'C:N(A1R*2) ^AlR*^. Thus we 
found t h a t rearrangement, apparently to Me2C:N(AlMe2)AlMe^, was e s s e n t i a l l y 
complete a f t e r a 1:2 mixture of methyl cyanide and trimethylaluminium had 
been heated i n benzene to 80° f o r 1 day, but the product, a viscous o i l , 
r e t a i n e d trimethylaluminitmi tenaciously under vacuum and attempts to i s o l a t e 
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the isopropylideneamino-compound (Me2C:N•AlMe2)2 from i t were unsuccessful. 
When a mixture of methyl cyanide and dimethylaluminium hydride was heated 
at 145° f o r 30 minutes, appreciable a d d i t i o n across the C:N double bond occurred. 
Hydrolysis of the r e s i d u a l glue gave mainly methane and ethylamine and only 
small q u a n t i t i e s of hydrogen and ammonia: 
MeCN •^^^2^^ 1 (MeCHrN'AlMe^) Me2AlH ^ [MeCH,N(AlMe^ )^] 
< 2 0 " ' n ^^^o ' m 
P a r t i a l r e d u c t i o n beyond the azomethine stage has already been observed 
i n other r e a c t i o n s between a n i t r i l e and an excess of an organometallic 
compound. For example, benzylamine i s among the products when b e n z o n i t r i l e 
79 85 i s t r e a t e d w i t h an excess of dibutyl-aluminium hydride or t r i b u t y l a l u m i n i u m 
( a c t i n g as a source of the hydride BU2AIH) and the r e a c t i o n mixture i s 
hydrolysed, \ r t i i l e neopentylamine i s formed i n a s i m i l a r r e a c t i o n sequence 
i n v o l v i n g t - b u t y l cyanide and the Grignard reagent^ BuSlgCl at 150°; 
Me CMgCl Me CMgCl 
Me3C'CN _cH^.cMe> [MegC'CHrNMgCl] _cH^.cMe? [Me3C•CH2'NCMgCl)2] 
2 2 
h y d r o l y s i s h y d r o l y s i s 
Me^ C'CHO Me3C'CH2*NH2 
I t should be stressed t h a t i n such reactions an excess of the organometallic 
compound i s needed, as only one of the groups o r i g i n a l l y attached to 
al i m i i n i i m appears t o be a v a i l a b l e f o r r e a c t i o n . This may be contrasted w i t h 
the behaviour o f aluminium hydride i t s e l f , i n v^iich two hydrogen atoms per 
3 6 
aluminium are a v a i l a b l e f o r t r a n s f e r r e a c t i o n s , e.g. 
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MeCN + Et2N,AlH2 [MeCH:N*AlH2] [MeCH2NAlH] 
Two of the four hydrogen atoms of l i t h i u m aluminivmi hydride are s i m i l a r l y 
a v a i l a b l e f o r the reduc t i o n of n i t r i l e s t o amines, although r e a c t i o n can be 
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stopped at the azomethine stage. ' 
A p l a u s i b l e mechanism f o r the rearrangement of these n i t r i l e adducts 
involves n u c l e o p h i l i c a t t a c k by the mi g r a t i n g group on the carbon of the 
n i t r i l e : 
R' 
I 
&f 5- yR R - C 
I t ? ^ , R' - C = N — > A 1 - R >A1R2 
VR . ,1 
R C - R 
I' 
The observation already noted t h a t the rearrangement occurs less r e a d i l y i f 
e l e c t r o n i c charge i s withdrawn from the migr a t i n g group i s consistent w i t h 
t h i s . 
Recent k i n e t i c studies by Pasjmkiewicz and Kuran^^^ on the r e a c t i o n of 
phenyl cyanide w i t h trimethylaluminium i n molar r a t i o 1:1 at 120°, show i t 
t o be of f i r s t order, implying an in t r a m o l e c u l a r , r a t h e r than an intermolecular 
rearrangement of the complex. More studies'''^''' by the same authors on the 
r e a c t i o n o f phenyl cyanide w i t h trimethylalvmiinium i n molar r a t i o 1:2 show 
i t tO' be o f second order k i n e t i c s and to be much f a s t e r than the 1:1 molar 
16 
r a t i o r e a c t i o n thus confirming our own work and t h a t of Reinheckel and Jahnke 
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Further rearrangement of the alkylideneaminoalanes themselves could 
involve a s i m i l a r mechanism, n u c l e o p h i l i c attack on the carbon of the 
azomethine group by the m i g r a t i n g group, and w i l l t h erefore occur less 
r e a d i l y , because of the increased s t e r i c hindrance about that carbon atom, 
because of the lower e f f e c t i v e p o s i t i v e charge on i t , and because of the 
greater withdrawal of electrons grom the groups R' attached t o aluminium now 
t h a t two n i t r o g e n atoms are also attached to aluminivrai. The lack of f u r t h e r 
rearrangement of (Bu*'CMe:N»AlMe2)2 at about 280° or of attack by Me^Al on 
t h i s compound, contrasted w i t h the r e a c t i o n between (MeCH:N*AlMe2)2 and 
AlMe2H a t 145°, are a l l consistent w i t h t h i s i n t e r p r e t a t i o n of the f a c t o r s 
i n f l u e n c i n g these r e a c t i o n s . The alkylideneamino-compounds, however, are 
also susceptible to n u c l e o p h i l i c a t t a c k at the aluminiinn atoms, which can 
expand t h e i r c o o r d i n a t i o n number above four. Those prepared i n t h i s work, 
although less s e n s i t i v e t o a i r and moisture than the adducts, s t i l l required 
manipulation i n an atmosphere of n i t r o g e n . The s e n s i t i v i t y was found to be 
l e a s t f o r those compounds t h a t had most crowding of the groups about the 
aluminium atoms, the compound (Bu'"CMe:N»AlMe2)2j f o r example, being hydrolysed 
too slowly by d i l u t e acid t o enable t h i s method to be used f o r i t s a nalysis. 
A l l these aluminium compounds were much more r e a d i l y hydrolysed than the 
r e l a t e d ethylideneaminoboranes, (MeCH:N*BR2)2, i n which the boron, already 
f o u r - c p - o r d i n a t e , cannot accommodate f u r t h e r donor molecules."^^ 
The strong tendency of HAl groups to add across n i t r i l e s prompted the 
study of the r e a c t i o n between dimethylaluminiimi hydride and hydrogen cyanide 
i n hexane a t -78° as a route t o (H2C:N*AlMe2)^. Hydrogen was evolved. 
93 
however, and tetram e r i c dimethylaluminiiam cyanide, (Me2AlCN)^, was produced. 
This compound has p r e v i o u s l y been prepared from trimethylaluminium and 
hydrogen cyanide.^'' 
Features of the i n f r a r e d spectra of the alkylideneamino- and benzyl-
ideneaminoaluminium d e r i v a t i v e s are given i n Table X I . A l l the spectra 
c o n t a i n strong or very strong absorption bands i n the region 1600-1675 cm."''' 
c h a r a c t e r i s t i c of the C:N s t r e t c h i n g v i b r a t i o n , the frequency apparently 
being s e n s i t i v e t o the groups attached t o the carbon, being highest f o r 
compounds w i t h hydrogen or a small a l k y l group attached to t h i s carbon atom 
and lowest when t - b u t y l or phenyl groups are the s u b s t i t u e n t . 
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The i n f r a r e d spectra of some ketimines has been studied, and 
frequencies of the C=N s t r e t c h i n g v i b r a t i o n s reported. The frequencies 
f o r ketimines i s also highest when an a l k y l group, and lowest when an a r y l 
group i s bonded to the carbon atom of the azomethine group. 
Another common feature of the i n f r a r e d spectra i s a band between 437 and 
478 cm. vrtiich appears t o be associated w i t h a •viribration of the (A1N)2 t i n g . 
-1 95 A band at 508 cm. has been shown t o be associated w i t h a r i n g v i b r a t i o n 
i n the spectrum of the aminoalane (Me2NAlMe2)2 > although the s e n s i t i v i t y of 
t h i s band t o d a u t e r a t i o n of the dimethylamino group, when i t moves to 482 cm. 
shows t h a t movement of the r e s t of the molecule con t r i b u t e s to t h i s absorption. 
Other bands between 450 and 500 cm."''' i n some of the spectra, p a r t i c u l a r l y 
those of phenyl or c h l o r o - d e r i v a t i v e s , make assignment uncertain i n these 
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TABLE XI 
I n f r a r e d spectroscopic r e s u l t s f o r rearranged compounds (RR'CrN'AlR* ) 
I n 
Compound C=N s t r e t c h 
AI-CH3 
6(s3mi, ) 
AI-CH3 
s t r e t c h ( a s ) m i . 
+ r o c k 
Al-CH 
) s t r e t c h 
( s y m . ) 
Al-N 
s t r e t c h 
(MeCH:M'AlMe2)2'* 1675VS 1190s 719sh,690s 560w 4 6 1 s 
(BuW:5ir,*AlMe2)2''' 166Ivs 1192VS 7 3 0 s h , 6 8 9 v s 580 s 449m 
(Me2C:N'AlMe2)2t 1658s 1181ms 722 s h , 6 8 4 s 554w 465m 
(EtCMe:N'AlMe2)2-t- 1653VS 1181s 7 1 0 s h , 6 8 2 v s 550w 465w 
(PhCMe:N'AlMe2)2-l- 1634vs 1183 s 717s,676vs 567m 478w 
(PhCH:N*AlMe2)2''" 1 6 3 0 V S 1183VS 745vs,685vs 575m 470w 
(Bu*^CMe:N»AlMe2)2"'" 1 6 3 0 V S 1192s 734vs,684vs 582w 448m . 
Compound C=N 
s t r e t c h 
AI-CH3 
5(sym.) 
Al-CH 
s t r e t c n 
+ r o c k 
Al-Cl 
s t r e t c h 
Al-N 
s t r e t c h 
(Me2C:N*AlMeCl)2'' 1650VS 1192VS 737sh,699vs, 
566m. 
V -.489m 454m 
t ^ (Bu CMe:N*AlMeCl)2 1625VS 1203 s 691s, 568w 494m 467m 
( PhCMe: N • AlMeC 1) 2"*" 1613VS 1186s 7 1 9 v s , 662vs, 
5 7 3 v s 
477w 437m 
(Bu'^CH:N*AlEt2)2'* 1656vs 
(EtCMe:N'AlEt2)2'^ 1650vs 
(PhCH:N'AlEt2)2*^ 1633vs 
(PhCMe:N*AlPh„) * 1621s 
I n 
(PhCBu*^:N*AlPh2)2''" 1616vs 
(Ph2C:N-AlPh2)^t 1620shfl 
K_ + + 
L i q u i d f i l m . Nujol m u l l . +KBr disc. cel . s o l u t i o n . 4 
454s 
473m 
468m 
461s 
455m 
456m 
For a 
discussion of t h i s assignment see r e f . 38. 
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instances, but the frequencies l i s t e d i n Table XI are those i n d i c a t e d by 
analogy w i t h the less ambiguous methyl d e r i v a t i v e s . 
Seven of the compounds prepared contained AlMe2 groups, and three 
others AlMeCl groups. Features of t h e i r spectra t h a t are r e a d i l y 
i d e n t i f i e d are also l i s t e d i n Table X I . The dimethylalanes have a 
c h a r a c t e r i s t i c strong sharp band a t 1181-1192 cm."''', due to the S)nnmetrical 
deformation v i b r a t i o n of the methyl groups bound to aluminiim, and a.broad 
reg i o n of strong absorption around 700 cm. ''', c o n s i s t i n g of a strong or very 
strong band centred a t 676-690 cm. ''' w i t h a shoulder or second band around 
710-745 cm. ''', which together can be a t t r i b u t e d to Al-CH^ asymmetrical 
s t r e t c h i n g and rocking v i b r a t i o n s . A less intense peak at 550-582 cm. ''' 
can be assigned to the Al-CH^ symmetrical s t r e t c h i n g v i b r a t i o n . These 
163 
assignments are made on the basis of studies by Gray, Hoffman and 
Schomburg''"^^ and Coates and h i s co-workers on various methyl aluminium 
compounds. 
The methylchloroaluminivmi compounds have a strong sharp band near 1190 
cm. ''' i n t h e i r spectra [Al-CH2S(sym)] , and broad strong absorptions near 
690 cm."''' and 570 cm."''' due to Al-CH^ s t r e t c h i n g and rocking v i b r a t i o n s . 
A band i n the region 477-494 cm. ^ can be assigned t o the Al-Cl s t r e t c h i n g 
v i b r a t i o n by analogy w i t h Gray's assignments f o r methylaluminium chlorides.'''^^ 
The proton magnetic resonance spectra (p'vin.r.) of the alkylideneamino-
d e r i v a t i v e s were recorded, and T values are l i s t e d i n Table X I I . Assignments 
were g e n e r a l l y s t r a i g h t f o r w a r d , and are i n d i c a t e d i n the Table. I t has 
pr e v i o u s l y been shown t h a t p.m.r. spectra can be used t o detect the presence 
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of mixed isomers i n such systems, 3.. ' on the basis of the number of peaks 
corresponding to Al-Me or Al-Et groups. 
TABLE X I I 
Proton magnetic resonance spectroscopic r e s u l t s 
Compound 
:2C:N»AlMe2)2 
Sol-
vent 
CCl, 
T values of peaks (p.p.m.; TMe^^Si = 10*00) 
=C-H =C-Me .=C-Et or =C-Bu 
7-9„S(l) 4 ' ^ 0^ 
:CH:N-AiMe2)2- CCl^ l-e^qd) 7'8gd(3) 
CMe:N»AlMe2)2 
CMe:N»AlMe2)2 
CCl, 
^ ^ 6 
7-9qS(3) 7-6^q(2);8'8Qt(3) 
8'2gs(3) 7»9gq(2);9-2^t(3) 
CMe:N'AlMe2)2 C^ H^  -
^CH:N«AlMe2)2 CCl^ 5'3gs(l) 
^CH:N*AlMe2)2 C^ H^  4'2gS(l) 
^CH:N'AlEt2)2 None l * 7 ^ s ( l ) 
2C:N»AlMeCl)2 CCl^ -
2C:N»AlMeCl)2 C^ H^  -
*^CMe:N'AlMeCl)- C.H, -2 0 0 
7 - 8 ^ s ( l ) 8- 8^s(3) 
8'8gs(9) 
9- l ^ s ( 9 ) 
8'9j^s(9) 
7'73C 
8-63C 
7'8^d .8-9^s 
Al-Me or A l - E t \ 
10'933(1) 
10*833; lO'SgS; 10*933(6) 
10-9^^3(6) 
10-433(6) 
10'3,s(2) 
4 
10-8^s(6) 
10'5^s(6) 
8'9gt(6);lO'02q(4) 
10 •6c 
10'3^c 
10'l,s;10'2, s 
6 4 
t e r n a l standard, benzene ( T= 2*73); i n t e r n a l standard, tetramethylsilane i n a l l 
l e r cases. s = s i n g l e t , d = doublet, t = t r i p l e t , q = quartet; r e l a t i v e 
t e n s i t i e s i n parentheses. 
The p.m.r. spectra of the t e r t i a r y b u t y l compounds, (Bu''RC=NAlMe2)2 
show only one peak a t t r i b u t a b l e t o AlMe2 and i n d i c a t e that only the trans-
isomer was present ( S t r u c t u r e I I ) , unless the d i f f e r e n c e between the two 
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types of AlMe2 groups i n the cis-form ( S t r u c t u r e I ) was i n s u f f i c i e n t to 
be detected. 
Me Me 
R A l J l R A l ^Bu 
>=N ;n=C > = N yN=C 
Me2 Me2 
S t r u c t u r e ( l ) Structure ( I I ) 
The formation of only the t r a n s - isomer of the compounds 
(Bu^CMe:AlMe2)2 (Bu'^CH:N»AlMe2)2, and (Bu'^CH:N'AlEt2)2, i s i n t e l l i g i b l e 
i n t h a t the bulk of the b u t y l groups might lead to bond-angle s t r a i n i n 
a cis-isomer. The presence of only one isomer i n the f i r s t two of these 
b u t y l compounds i s also consistent w i t h t h e i r c r y s t a l l i n e form and the 
sharpness of t h e i r i m e 1 t i n g p o i n t s . The X-ray c r y s t a l s t r u c t u r e of 
(Bu^CMe=N»AlMe2)2 shown below. 
The p.m.r. spectra of both the methylchloro-compounds (Me2C:N*AlMeCl)2 
and (Bu*'CMe:N*AlMeCl)2 were recorded, but were unexpectedly complex and 
could not be i n t e r p r e t e d w i t h c e r t a i n t y . Their p.m.r. spectra should not 
be s e n s i t i v e t o the r e l a t i v e o r i e n t a t i o n of the AlMeCl groups. However, 
the slow development of a yellow colour i n the s o l u t i o n s of these compounds 
suggested t h a t the complexity might be due to i m p u r i t i e s r e s u l t i n g from 
decomposition of the samples or a t t a c k on the solvent or t e t r a m e t h y l s i l a n e 
standard. The p.m.r.. spectrum of the phenyl compound (Bu''CPh:N*AlPh2)2 
i n deuterotoluene was complex and could not be assigned w i t h c e r t a i n t y ; 
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T values of peaks were 3*07c, 3*52c, 4*27c, 9*93s p.p.m. 
The alkylideneaminoalanes described here are examples of compounds 
i n which 3-co-ordinate n i t r o g e n atoms are present i n a four-membered (A1-N)2 
r i n g , i n which the bond angle s t r a i n ( d i s t o r t i o n from 120° to 90°) at the 
n i t r o g e n atoms appears t o be greater than i n the r e l a t e d amino-alanes 
(R2N'A1R'2)2 ( d i s t o r t i o n from 109° to 90°). A t r i m e r i c form (R2C:N'A1R'2)3, 
which would have no d i s t o r t i o n of the bond angles has not been detected i n 
38 
t h i s work, or i n the work on phenyl cyanide adducts. I n the amino-
aluminiimi and - g a l l i u m compounds, considered to be dimeric i n the c r y s t a l 
phase a t room temperature, r i n g opening to poljmieric s t r u c t u r e s occurs when 
they are heated, the r e s u l t i n g glasses softening to dimeric l i q u i d s over a 
95 
short temperature i n t e r v a l as i f m e l t i n g . No evidence of such a c r y s t a l 
^ glass ^ l i q u i d change was detected when c e r t a i n of the alkylideneaminoalanes, f o r which p.m.r. spectroscopic evidence of the 
presence of only one isomer was a v a i l a b l e , were heated slowly t o the m e l t i n g 
p o i n t under a p o l a r i s i n g microscope, even though the greater s t r a i n 
expected t o be present i n the alkylideneamino-compounds should make a 
t r a n s i t i o n t o a polymeric glass more l i k e l y . One must conclude t h e r e f o r e , 
t h a t bond-angle s t r a i n i n these compounds i s small. 
The X-ray c r y s t a l s t r u c t u r e o f (Bu*'CMe:N*AlMe2)2 has been studied i n 
these l a b o r a t o r i e s by Dr. H. M. M. Shearer and Miss J. W i l l i s and the 
r e s u l t s are shown i n Photograph I I . 
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PHOTOGRAPH I I 
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The most i n t e r e s t i n g features about the s t r u c t u r e are: 
(a ) the Al-N-Al angle i s widened s i g n i f i c a n t l y from 90°. 
(b) the C=N bond le n g t h i s 1»27X, i d e n t i c a l t o the C=N bond length 
i n trans-ethylideneaminodimethylboron (MeCH:NBMe2)2^^^ and comparable 
w i t h the C=C bond l e n g t h of 1-34R i n ethylene. 
( c ) allowance f o r the hydrogen atoms on the methyl groups on the aluminium 
and on the t e r t i a r y b u t y l group, shows the aluminiimi atom to be w e l l 
shielded from n u c l e o p h i l i c a t t a c k , hence the remarkable a i r s t a b i l i t y 
o f t h i s compound. 
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Reactions of Organogallium Compounds w i t h Cyanides. 
The organic chemistry of ga l l i u m has received l i t t l e a t t e n t i o n and 
most of the work i n the l i t e r a t u r e i s associated w i t h Coates and h i s co-workers. 
Adducts o f t r i r a e t h y l g a l l i u m w i t h trimethylamine, trimethylphosphine, 
t r i m e t h y l a r s i n e , t r i m e t h y l s t i b i n e , dimethyl ether, dimethyl sulphide, 
dimethyl selenide and dimethyl t e l l u r i d e ^ ^ have been prepared, and the 
d i f f e r e n t donor strengths of the donor molecules discussed. The reactions 
of t r i m e t h y l - g a l l i u m w i t h amines''"^^'^^ and weak acids'''^^ have also been 
described, methane being evolved, and the dimethylgallium d e r i v a t i v e 
• (Me2GaX)^ being formed. 
The only reactions of t r i m e t h y l g a l l i u m w i t h unsaturated compounds 
108 
described i n the l i t e r a t u r e are those w i t h methyl cyanide and acetone, 
and the r e a c t i o n s of gallivim a l k y l s and a l k y l g a l l i u m hydrides i n general 
109 
w i t h o l e f i n s and acetylenes. 
T r i m e t h y l g a l l i u m and methyl cyanide formed a s o l i d adduct, MeCN,GaMe2, 
o 23^2 m.pt. 27 C whose vapour pressure was given by logj^^Pmrn = — — + 8'84. 
The adduct was shown t o be f u l l y d i s sociated i n the vapour phase a t 100°C 
and 90 mm. Hg pressure. On coo l i n g t o room temperature, the adduct was 
reformed, unchanged. Trimethylgallitam also formed a weakadduct w i t h acetone, 
but between 50 and 90°C one molecule of methane was evolved y i e l d i n g a white 
n o n - v o l a t i l e product w i t h the composition [Me^GaOC^H^]^. On f u r t h e r heating 
a t 170°C, more methane was evolved, and an orange-red i n v o l a t i l e s o l i d remained. 
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D i e t h y l g a l l i u m hydride was found t o add r e a d i l y to o l e f i n s and 
acetylenes w i t h the formation of unsymmetrical g a l l i u m a l k y l s . On 
attempted d i s t i l l a t i o n , these a l k y l s tended to disproportionate i n t o 
symmetrical g a l l i i m i a l k y l s . The r e a c t i o n between ga l l i u m a l k y l s and 
o l e f i n s went e i t h e r by an o l e f i n displacement or a "growth" r e a c t i o n , 
but much less e a s i l y than t h a t which has been observed w i t h aluminiimi 
a l k y l s . I n the r e a c t i o n between acetylene and t r i e t h y l g a l l i u m , the 
acetylene reacted as a weak aci d and cleaVi^^ one of the gallitrai-carbon 
bonds, w i t h the spontaneous e v o l u t i o n of ethane. 
Et^Ga + HC=CH > CJL, + (Et„GaC=CH) 
3 Z 0 z n 
Trialkylgallivmi-Cyanide Adducts R^ Ga,N^ CR' 
The adducts and t h e i r attempted thermal decomposition reactions are 
l i s t e d i n Table X I I I . The adducts were prepared by the r e a c t i o n between 
equimolar q u a n t i t i e s of cyanide and the organogallivmi compound. Trimethyl-
g a l l i u m was measured out as a gas, i n a c a l i b r a t e d bulb on the vacuum l i n e . 
T r i e t h y l g a l l i u m was measured out by syringe, as were the cyanides .themselves. 
The cyanide adducts were a i r and moisture s e n s i t i v e , but were not as 
r e a c t i v e as t h e i r aluminiimi counterparts. Their i n f r a r e d spectra contained 
bands c h a r a c t e r i s t i c of co-ordinated n i t r i l e groups at frequencies some 
25-35 cm."''' higher than the frequency of the free n i t r i l e , as shown i n 
Table XIV, which also compares the C=N s t r e t c h i n g frequency of the organo-
gallitmi-cyanide adducts w i t h the corresponding organoaliominivmi-cyanide adducts. 
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Table X I I I 
Thermal decomposition of adducts RCN,GaR'^  
Adduct Decomposition Temp. Reaction Product 
MeCN.GaMe^ 145°C MeH t (Me„GaNC„H„) z Z z n 
Bu'^ CN.GaMe^  150°C none Bu^CN.GaMe^ 
Bu^CN,GaEt2 158°C C2H^t,H-^ (Et2GaN=CHBu^)2 
PhCN,GaMe„ 118°C Polymerisation (PhCN) + Me Ga. 
of cyanide. 
PhCN,GaEt2 158°C C2H^t,H-^ (Et2GaN=CHPh)2 
CCl„CN,GaMe- r. t . Allcyi-halogen Mixture containing r e a d i l y 
3 3 exchange. hydrolysable c h l o r i d e . 
*In t h i s column, ^  i n d i c a t e s gas e v o l v e d , - ^ i n d i c a t e s atom migrating. 
Table XIV 
I n f r a r e d spectroscopic r e s u l t s f o r adducts 
RC:N,MR'2 
Acceptor Molecule 
N i t r i l e 
>^ ' 
GaMe^ GaEt3 AlMe^ AlEt^ 
vCsN PhCN 2230 2260 2258 2273 2270 
MeCN 2253 2285 2279 2296 2290 
Bu'^ CN 2235 2266 2268 2282 2282 
Av PhCN - 30 28 43 40 
MeCN - 32 26 43 37 
Bu^CN - 31 33 47 47 
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The values f o r Av are s u b s t a n t i a l l y less f o r the organogaIlium-
cyanide adducts than f o r the organo-aluminium-cyanide adducts, implying 
t h a t aluminium a l k y l s are stronger Lewis acids than g a l l i u m a l k y l s . Boron 
a l k y l s are completely immiscible w i t h cyanides, so the f o l l o w i n g sequence 
i n decreasing Lewis ac i d s t r e n g t h may be drawn up:-
R^Al > R^Ga > R^B. 
No consistent bond was found which could be assigned w i t h any 
c e r t a i n t y t o the g a l l i u m - n i t r o g e n s t r e t c h i n g mode, but a complete 
i n v e s t i g a t i o n i n t o the region beyond 400 cm."''' was not undertaken. 
Thermal decomposition r e a c t i o n s . 
These are summarised i n Table X I I I . A l k y l group^ mi g r a t i o n was not 
observed i n any of the adducts studied. The adduct of t r i m e t h y l g a l l i i m i 
w i t h t e r t i a r y b u t y l cyanide dissociated on heating to 150°C, and the 
reactants could be recovered unchanged, even when a 2:1 excess of t r i m e t h y l -
g a l l i u m was used. Since the r e a c t i o n of trimethyl-aluminium w i t h cyanides 
i n molar r a t i o 2;1 goes a t a much lower temperature than the 1:1 r e a c t i o n , 
i t seems l i k e l y t h a t i t i s necessary f o r one molecule of the organometallic 
compound to be coordinated w i t h the cyanide to increase the p o l a r i t y and 
hence r e a c t i v i t y of the cyanide bond. The t r i m e t h y l g a l l i u m i s not co-
or d i n a t e d t o the cyanide.at the temperature at which rearrangement would occur, 
and so the r e a c t i o n using excess t r i m e t h y l g a l l i u m does not go. 
The p o t e n t i a l a c i d i t y of methyl cyanide, i n having hydrogen atoms a-
to the carbon atom of the cyanide group, commented upon i n the discussion 
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of the r e a c t i o n s of organoaluminivmi compounds w i t h cyanides, was also 
apparent i n the r e a c t i o n of t r i m e t h y l g a l l i u m w i t h methyl cyanide. No 
r e a c t i o n took place when the adduct was heated a t 120°, but at 145°C 1 mole 
moii of- addi/ct wai e.<Jol^edf and H e 
of methane per^product was an i n v o l a t i l e orange-red s o l i d from which 
isopropylideneaminodimethylgallium (Me2C=N*GaMe2)^ could not be obtained, 
by attempted vacuum sublimation. The i n f r a r e d spectrum of the s o l i d showed 
no bands c h a r a c t e r i s t i c of C=N, but there was an intense absorption i n the 
reg i o n llSOcm. ^ This may have been due t o a C=N v i b r a t i o n but i s more 
l i k e l y t o have ar i s e n from one of the CH2=C=N- s t r e t c n i n g modes since 
isocyanates, cyanates and other A=B=C systems have i n f r a r e d absorptions i n 
t h i s r e g i o n . This r e s u l t i s r e a d i l y explained, i f the methyl cyanide 
reacts i n i t s 'enol' form. 
CH^C=N ^ > CH2=C=NH 
CH2=C=NH + Me^Ga > (Me2GaN=C=CH2)^ + CH^ 
This residue was i n s o l u b l e i n a l l common organic solvents except 
acetone, i n which i t was extremely soluble. Acid h y d r o l y s i s of the 
residue gave n e i t h e r acetone, nor methyl cyanide. 
The C=N i n t r i c h l o r o a c e t o n i t r i l e i s more susceptible to n u c l e o p h i l i c 
a t t a c k than the C=N i n non-halogenated cyanides because of the ind u c t i v e 
e f f e c t of the c h l o r i n e atoms. The adduct of t r i c h l o r o a c e t o n i t r i l e w i t h 
t r i m e t h y l g a l l i u m , CCl CN,GaMe„ slowly went brown on standing a t room 
temperature. On warming at 70°C, the adduct went deep brown and on cooling 
became a viscous glue. Washing the glue w i t h very d i l u t e n i t r i c acid gave 
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a s o l u t i o n c o n t a i n i n g a la r g e q u a n t i t y of i o n i c c h l o r i d e , tested by s i l v e r 
n i t r a t e and n i t r i c acid s o l u t i o n s , showing that some alkyl-halogen exchange 
had occurred. No evidence f o r a l k y l t r a n s f e r was obtained i n t h i s r e a c t i o n . 
The adducts of phenyl and t e r t i a r y b u t y l cyanides w i t h t r i e t h y l g a l l i u m 
slowly l o s t ethylene a t 1 6 0 ° C g i v i n g the dimeric benzylideneamino- and 
neopentylideneamino-derivatiVfts r e s p e c t i v e l y , (PhCH=NGaEt2)2 and 
(Bu''CH=NGaEt2)2« These reactions may be compared w i t h the corresponding 
rea c t i o n s o f t r i e t h y l a l u m i n i u m . The r e a c t i o n analogous t o the r e v e r s i b l e 
thermal decomposition of t r i e t h y l a l u m i n i u m , 
Et^Al ^ Et2AlH + C2H^ 
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has not been reported f o r t r i e t h y l g a l l i u m , but the work of Eisch already 
mentioned leads to the conclusion t h a t such an e q u i l i b r i t m r e a c t i o n w i l l 
occur a t a temperature r a t h e r higher than t h a t f o r t r i e t h y l a l u m i n i u m . 
The p y r o l y s i s of the phenyl cyanide-trimethylgallivmi adduct, PhCN,GaMe2 
yi e l d e d small »^-57o) q u a n t i t i e s o f t r i p h e n y l t r i a z i n e (kyaphenine). 
> GaMe + 
N-Ph 
118°r 
PhCN,GaMe^ 
I 
Ph 
Py r o l y s i s of a mixture of d i e t h y l zinc and phenyl cyanide also gives 
t r i p h e n y l tviazine}^^ and these r e s u l t s have r e c e n t l y been confirmed i n 
. 18,111 t h i s department. 
Phenyl cyanide may be t r i m e r i s e d by sodium,'''^^' ^'''"^  concentrated 
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sulphu r i c acid,''"''"^ c h l o r o s u l p h u r i c acid,''"'''"^  i r o n pentacarbonyl'''^^ and 
other reagents. The t r i m e r i s a t i o n o f phenyl cyanide by sodium i s thought 
t o proceed through the f o l l o w i n g i n i t i a l stages:-''"^^ 
PhCN + 2Na -> PhNa + NaCN 
PhNa + PhCN ) Ph2C=NNa 
The diphenylketimino-sodium then adds on more phenyl cyanide molecules, 
and t r i m e r i c species are obtained. Evidence f o r t h i s s o r t of mechanism 
i s obtained from the i s o l a t i o n o f sodium cyanide and the f o l l o w i n g compound 
Ph 
C 
^ \ 
N NH 
I I 
PhC CPh„ 
^ N 
from the r e a c t i o n mixture. 
Organolithium and organomagnesium compounds are also known to cause 
the t r i m e r i s a t i o n of phenyl cyanide,''"''•^ when the phenyl cyanide i s i n 
large excess. The folibowing r e a c t i o n scheme has been proposed 
(a ) PhCN + RLi ^ = NLi 
(b ) ^^^C = NLi + PhCN > [ (PhCN)2RLi] 
( c ) ^^^C = NLi + 2PhCN > [(PhCN) RLi] 
R J 
There was no speculation about the s t r u c t u r e s of the intermediates 
i n r e a c t i o n s ( b ) and ( c ) . 
- 108 
The mechanism f o r the t r i m e r i s a t i o n of phenyl cyanide by t r i m e t h y l -
g a l l i u m i s unknown, but i t i s u n l i k e l y t h a t i t occurs by the mechanism 
proposed above, because i n no case does the methyl group of t r i m e t h y l g a l l i u m 
add across a C=N bond. Co-ordination of t r i m e t h y l g a l l i u m t o phenyl cyanide 
causes a s l i g h t increase i n the p o s i t i v e character i n the carbon atom of 
the co-ordinated cyanide, thus making i t more susceptible to mucleophilic 
a t t a c k . 
PhCN + Ph-C=N 
5-
GaMe, Ph-C=N 
li • I I 
^5h 
5-
GaMe, 
Ph I 
C = N 
N ^C-Ph 
Ph 
-Me^Ga 
Ph-C=N 
i l l 
C 
I 
Ph 
PhCN 
6-
- > GaMe, 
N =* CPh 
Free phenyl cyanide i t s e l f could be a s u i t a b l e nucleophile, and such a 
r e a c t i o n mechanism as proposed above may lead to the formation of t r i p h e n y l 
t r i a z i n e . 
A l k y l and a r y l cyanides can be polymerised to l i n e a r polymers by 
heating them w i t h anhydrous metal chlorides.'''^^ The authors of t h i s work 
found t h a t the stronger the Lewis a c i d , (measured q u a l i t a t i v e l y by the 
increase i n the C^ N s t r e t c h i n g frequency, Av, upon coordination of the cyanide 
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to the metal h a l i d e ) the more d i f f i c u l t i t was f o r the n i t r i l e to polymerise, 
and they suggested t h a t the reason f o r t h i s behaviour was the strengthening 
of the C=N bond upon c o o r d i n a t i o n . The temperatures necessary f o r 
p o l y m e r i s a t i o n of the cyanides l a y i n the range 230-440°C. 
The t r i m e r i s a t i o n o f isocyanates by t r i a l k y l t i n alkoxides^^'''''''^ i s a 
r e a c t i o n s i m i l a r i n some respects t o the t r i m e r i s a t i o n of phenyl cyanide. 
This r e a c t i o n i s thought t o proceed by the successive i n s e r t i o n of N=C=0 
u n i t s between the t i n atom and i t s attached group g i v i n g intermediate 1;1 
"carbamate" adducts and non-isolable 1:2 and 1:3 adducts which break down 
i n t o the t r i m e r and the o r i g i n a l t i n compound. 
Q 
Bu^SnOMe '^^ ^ ^ ) ^ Bu^Sn-N-fi-OMe] 
I 
Et 
Bu„Sn -N-C 
3 I I 
Et 
N-C^ OMe EtN=C=0 
t 
x 
EtN=C=0 
0 0 
I I I I 
Bu„Sn-N-C-.N-C-OMe 
' ' i t It
Et-N I 
0=C 
0 
A 
^N-Et I 
•+ Bu^SnOMe 
I 
Et 
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I t i s u n l i k e l y t h a t the t r i m e r i s a t i o n of phenyl cyanide by t r i m e t h y l -
g a l l i u m goes by such a mechanism, because arylideneaminodialkylgallium 
d e r i v a t i v e s have been prepared, and are stable compounds. Once formed, 
i t seems u n l i k e l y t h a t they would undergo f u r t h e r r e a c t i o n . However, 
experiments are planned to i n v e s t i g a t e the p o s s i b i l i t y of c a t a l y s i n g the 
t r i m e r i s a t i o n of phenyl cyanide by compounds (R2C=NGaRp2' 
Reaction ofBenzophenone and E t h y l Isocyanate w i t h Trimethylgallium. 
When i t was found t h a t organic cyanides were i n s u f f i c i e n t l y r e a c t i v e 
to show a d d i t i o n reactions w i t h t r i m e t h y l g a l l i u m , i t was decided to f i n d 
systems which were s u f f i c i e n t l y r e a c t i v e . E t h y l isocyanate reacted w i t h 
t r i m e t h y l g a l l i v i m exothermically at low temperature t o give the dimethyl-
g a l l i i m i d e r i v a t i v e of N-ethylacetamide, Me2GaN(Et)C0Me. This apparently 
polymeric compound was an # i l , i n v o l a t i l e at room temperature which d i d 
not r e a c t w i t h p y r i d i n e . Preliminary experiments on the r e a c t i o n between 
tri m e t h y l a l u m i n i i m i and N-ethylacetamide, CH^CONHEt, show the product t o be 
s i m i l a r t o the g a l l i u m compound. Benzophenone and t r i m e t h y l g a l l i i m i a t 
room temperature gave a pale green very viscous o i l which slowly bubbled, 
under vacuum. Heating f o r 15 hours at 125°C gave the rearranged compound, 
showing t h a t ketones are j u s t approaching the l i m i t of r e a c t i v i t y , beyond 
which t r i m e t h y l g a l l i u m w i l l not react w i t h unsaturated compounds. 
Reaction o f Diphenylketimine w i t h Organogalliijn compounds. 
The r e a c t i o n between diphenylketimine, Ph2C=NH, and organogallium 
compounds was used as a method f o r the preparation of arylideneaminogalliirai 
compounds (Ph2C=NGaR2)2• The r e a c t i o n , evolving methane, went smoothly 
I l l 
and q u a n t i t a t i v e l y at 100 C. The products from the reactions could 
e a s i l y be p u r i f i e d e i t h e r by sublimation or low temperature r e c r y s t a l l i s a t i o n , 
and were found t o be both p h y s i c a l l y and chemically s i m i l a r i n properties 
to the a l k y l and arylideneaminoaluminium compounds. 
Features of the i n f r a r e d spectra of the g a l l i u m compounds prepared 
are shown i n Table XV. 
Table XV. 
C=N Ga-CH GaMe2 GaMe„ GaMe GaN 
s t r e t c h SCsym^ V assym L V sjmi. rock s t r e t c h 
(Bu^CH=NGaEt2)2 1658 cmT^ - - - - 461 cm ^  
(BhCH=NGaEt2)2 1633 cm"''' - - - - 467 cm '" 
(Ph2C=NGaMe2)2 1626 cm ''' 1193 cm"''" -1 570 cm 529 cm"-^  742 cm"''" 451 cm ^  
(Ph2C=NGaEt2)2 1613 cm"-*- - - - - 454 cm '" 
(Ph2MeCOGaMe2) -
1199 -1 
1206 586 cm"''" 536 cm 751 cm"''' -
'^Liquid f i l m . A l l others, Nujol m u l l . 
A l l the spectra of the a l k y l - or arylideneaminogaIlium compounds 
cont a i n strong absorption bonds i n , the region 1610-1660 cm. '" c h a r a c t e r i s t i c 
• f the C=N s t r e t c h i n g v i b r a t i o n . The actual f i g u r e s correspond almost 
e x a c t l y t o those of the corresponding aluminium compounds. 
Another common:feature of the i n f r a r e d spectra i s a band between 
450 and 470 cm'''''" which may be associated w i t h a v i b r a t i o n of the (GaN) 
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-1 95 r i n g . A band a t 498 cm has been shown to be associated w i t h a 
r i n g v i b r a t i o n i n dimethylaminodimethylgallixmi (Me2NGaMe2)2• Other bands 
i n t h i s r egion i n some o f the spectra do tend t o make t h i s assignment ra t h e r 
u n c e r t a i n . 
Features of the i n f r a r e d spectra of the methylgallium compounds 
th a t are r e a d i l y i d e n t i f i e d are also shown i n Table XV. These compounds 
have a strong sharp band at 1193-1206 cm '" due t o the symmetrical deformation 
of the methyl groups bound t o - . ^ . j f l t f ^ i u m , a broad, very strong absorption 
at 742-751 cm ^ due t o a gallium-methyl rocking mode, and absorptions at 
570-586 cm"''' and 529-536 cm"''" due to the GaMe2 antisymmetrical and 
symmetrical s t r e t c h i n g modes r e s p e c t i v e l y . 
The proton magnetic resonance spectra of the rearranged compounds 
were recorded i n carbon t e t r a c h l o r i d e or deuterotoluene as solvent, 
and the 7"values are l i s t e d i n Table XVI. 
Benzylideneaminodiethylgallium, (PhCH:NGaEt2)2, and neo-pentylidene-
a m i n o d i e t h y l g a l l i u m , (BU*'CH:NGaEt2)2, present the opportunity f o r c i s - , 
t r a n s - , isomerism of the type commented upon on pages 95-97. This can 
t h e o r e t i c a l l y be detected by the number of peaks corresponding to Ga-Et 
groups, and the nuclear magnetic resonance spectra of these compounds i n d i c a t e 
t h a t only the trans-isomer i s present. I t was almost impossible to resolve 
the peaks a r i s i n g from the e t h y l groups i n t o a t r i p l e t and quartet. I t 
was possible to d i s t i n g u i s h the t r i p l e t and the quartet only by recording-
the i n t e g r a t e d spectrum. 
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The arylideneaminogallium compounds were found to melt quite sharply, 
showing no c r y s t a l ^ glass ^ l i q u i d phase t r a n s i t i o n s . As w i t h 
the alxnninivmi compounds (page 98), one must conclude once again t h a t the 
bond angle s t r a i n i n these compounds i s small. 
Table XVI 
Proton magnetic resonance spectroscopic r e s u l t s . 
T value of peaks (p.p.m.; T Me^Si = lO'OO) 
Compound Solvent =CH =CPh or Bu*" CMe CPh GaMe or Et 
(PhCH:NGaEt2>P CCl^ I'Os 2 •5c - - 8'9^c, 9*5^c 
(Bu'^CH:NGaEt2)2^ CCl^ l'8^s 8'9^s - - 8'9^c, 9*6^c 
(Ph2C:NGaMe2)2'^ C^Dg - 2-2^c, 2v>yC - - :-10-22^'' -
(Ph2C:NGaEt2)2'^ C^Dg - 2'4-,^ c, 2-8^ ..c - .- 8-8^c, 9'5^c 
(Ph2MeCOGaMe2)2t CCl^ - - 8'02S 2'7^c 
X I n t e r n a l standard, benzene ( T = 2*73) 
^ I n t e r n a l standard, cyclohexane ( T = 8*57) 
+ I n t e r n a l standard, t e t r a m e t h y l s i l a n e . 
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Reaction of Organometallic compounds w i t h Acetoxime 
The prep a r a t i o n and p r o p e r t i e s of azomethine d e r i v a t i v e s , 
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(R2C:NMR2)2, of boron, aluminium and gallivmi has been described i n 
some d e t a i l . The aim i n t h i s work was the preparation of oxyazomethine 
d e r i v a t i v e s , (R2C:N0MR^)^, of boron, aluminium, g a l l i u m , indiimi and 
t h a l l i u m . The method chosen was the r e a c t i o n between acetoxime and the 
t r i m e t h y l d e r i v a t i v e s of the Group I I I elements. 
The reactions between acetoxime and some Organo-Group I I compounds 
3 122 123 
have received some a t t e n t i o n . ' ' D i e t h y l z i n c was found to react 
w i t h acetoxime i n molar r a t i o 1:1 t o give the e t h y l z i n c d e r i v a t i v e , 
Me2C=N0ZnEt as a colourless s o l i d , r e a d i l y c r y s t a l l i s a b l e from ether. 
Reaction of t h i s compound w i t h a f u r t h e r mole of acetoxime gave the b i s -
compound, (Me2C=NO)2Zn, which was found t o be i n s o l u b l e . Recent work on 
t h i s system has shown the methylzinc d e r i v a t i v e , Me2C=N0ZnMe t o be t e t r a -
meric i n benzene s o l u t i o n . Grignard reagents react s i m i l a r l y , but under 
some c o n d i t i o n s , ethyleneimines can be obtained upon hydr o l y s i s of the 
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r e a c t i o n product. This r e a c t i o n may be compared w i t h the r e a c t i o n 
R' 
I 
Ph-C-R + R'MgX ^ Ph - C CHR" 
NOH ^N 
H 
R=Me or Et R" = H or Me 
125 between l i t h i u m aluminium hydride and phenyl v i n y l ketoxime:-
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H .H 
Ph-C-CH=CH2 ^^^^4 
NOH ^^^^^ Ph^ N ^Me 
H 
cis-2-methyl-3-phenylaziridine 
M 
The dimeric acetoxime d e r i v a t i v e s (Me2C:NCj^e2)2 contain the M-O-N 
u n i t , and these are thought to e x i s t as a s i x membered (M0N)2 r i n g . 
Several other compounds containing the "MON" u n i t , where M i s generally 
boron have been described. 
34 
The f i r s t r e p o r t s of t h i s type of compound were by Inatome and Kuhn 
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and by Brois , who described the r e a c t i o n of n i t r i c oxide w i t h t r i a l k y l -
boranes. (See page 8 ) . One of the h y d r o l y s i s products were a dimeric 
"BON" compound. 
/\? 
R_ B N — R 
' I I 
R-N ^BR„ 
The same compounds have been prepared by the r e a c t i o n of b o r i n i c acids 
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w i t h hydroxylamines, ' and .they were shown t o be dimeric i n methyl 
RNHOH + nBu20H - ^ ^ ^ (nBu2BONHR)2. 
cyanide s o l u t i o n (0*05 molar, Mechrolab Osmometer). Two str u c t u r e s were 
considered p o s s i b l e : -
0 
Bu„B ^ N H R ff:; Bu 
2 I I 
or Bu BON > B-ONHR RHN ^BBu I I 
2 R Bu 
I I 
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Struc t u r e I I would have two i n f r a r e d a c t i v e NH s t r e t c h i n g modes, 
one c h a r a c t e r i s t i c of three co-ordinate and the other c h a r a c t e r i s t i c of 
four-coordinate n i t r o g e n . Structure I would only have a single i n f r a r e d 
a c t i v e NH s t r e t c h i n g mode, at a frequency c h a r a c t e r i s t i c of four-coordinate 
n i t r o g e n . The i n f r a r e d spectrum of the r e a c t i o n product shows only one 
absorption which can be assigned to the NH s t r e t c h , and t h i s i s at a 
frequency c h a r a c t e r i s t i c to t h a t of four-coordinate n i t r o g e n , and so 
Str u c t u r e I i s proposed f o r these "BON-BON" compounds. The re a c t i o n 
between d i - n - b u t y l b o r i n i c a c i d and di-N-n-butyl hydroxylamine y i e l d s a 
nBu BOH + nBu„NOH > nBu:BONBu„ 
2 2 I L 
monomeric product, a s s o c i a t i o n apparently being prevented by the bulk of 
the n - b u t y l groups. Related compounds seem to have been formed during 
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the r e d u c t i o n of a r y l aldoximes by diborane i n tetrahydrofuran. And 
h y d r o l y s i s of the intermediate compound (which was not i s o l a t e d ) gave an 
N-monosubstituted hydroxylamine. 
OH 
2Ar,CH=N0H + B2Hg 
/ 
2ArCH2 - N 
^BH2j 
'^^ '^ ^ -» ArCH^NHOH Hydrolysis 2 
Other compounds cont a i n i n g the "B-O-N" u n i t have been prepared by 
the r e a c t i o n s of boron compounds w i t h amidoximes. Reaction of phenyl 
boronic anhydride w i t h amidoximes y i e l d , 1, 3, 5, 2-oxadiazQboroles. This 
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r e a c t i o n i s reversed by hydroxyl ions. 
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R 
vNOH (PhBOL = N 
^NHR' OH" 
a 
Ph 
The trimethyl derivatives of aluminium gallium, indium and thallium, 
and methyl l i t h i u m a l l reacted at or below room temperature with acetoxime, 
with the cleavage of methane and the formation of the acetoxime derivatives, 
Me2M0N=CMe2. They were a l l moisture sensitive compounds, and with the 
exception of the l i t h i u m compound, were s u f f i c i e n t l y v o l a t i l e to be 
sublimed under a good vacuum. Cleavage of methane by trimethylboron 
could only be accomplished at 95-100°C. The product, Me2BON=CMe2, was 
much more v o l a t i l e than the other derivatives, and could readily be moved 
about on the vacuum l i n e . I t was found to be monomeric i n the vapour 
phase, p a r t l y associated i n solution, and may be dimeric i n the crystal.''""^^ 
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This behaviour contrasts that reported by Inatome and Kuhn for their 
"BON-BON" compounds, which were dimeric i n methyl cyanide solution. This 
difference i s more l i k e l y to be due to the weaker donor strength of the 
nitrogen i n acetoxime than the nitrogen i n hydroxylamine, rather than,to 
any s t e r i c effects. 
The dimethyl-aluminivmi, gallium, and indium derivatives of acetoxime, 
were a l l found to be dimeric i n benzene solution, and mass spectroscopy 
shows the aluminium to be dimeric i n the vapour phase. The Structure I 
shown bel6w i s proposed for t h e i r mode of association. 
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Me2C 
Me„ I 2 
N = CMe„ 
M — 0 
rather than I I 
Me„C 
N — 0 0 — 
CMe, 
I I 
for reasons \diich w i l l be described below. 
Nuclear Magnetic Resonance Spectra 
The nuclear magnetic resonance spectra of these compounds were 
recorded i n carbon tetrachloride, benzene and deuterotoluene as solvents 
with tetramethyl-silane as internal reference. The results are l i s t e d 
i n Table XVII, together with assignments for the peaks, and a typical 
spectrum i s shown i n Photograph I I I . S p l i t t i n g of the peak assigned 
to the C-Me protons was observed i n benzene and other aromatic solvents, 
and was found to be absent i n a l l aliphatic solvents. This s p l i t t i n g 
may arise from the d i f f e r e n t environments of the carbon-methyl protons. 
^OH 
or / 
but i t i s not known why i t should occur i n an aromatic solvent and not 
i n an al i p h a t i c solvent. S p l i t t i n g of the methyl peaks i n acetoxime has 
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132 been reported, and was suggested to arise from a 50% mixture of sjm-
and anti-forms, but t h i s i s clea r l y not the case. 
'Noo metal-proton coupling was observed, except i n the case of the 
thallium compound, when the peak due to the protons of the 71-Me group 
was found to be a doublet ( T= 9*00, J = 378 c.p.s.). Thallium-proton 
coupling has been previously observed. The proton magnetic resonance 
spectriam of trimethylthallium i n methylene chloride solution at -85°C i s 
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a doublet with T= 9*48 and J = 251 c.p.s. 
Infrared Spectra 
The infrared spectra of a l l the acetoxime derivatives were recorded 
as nujol mulls, and the infrared spectra i n the vapour phase of the boron 
and gallixmi compounds were recorded, using a heated gas c e l l . 
The infrared spectra of the boron compound are shown i n Photograph IV. 
The marked differences are caused by the change of association from the 
sol i d to the vapour phases. Detailed assignments are d i f f i c u l t to make 
because the s i m i l a r i t y i n masses of the atoms making up this compound causes 
much superimposition of absorption bands, especially i n the vapour-phase 
spectrum. The bands at lower frequency i n the spectrum of the nujol mull 
probably arise from skeletal vibrations of the "BON-BON" ring. 
The infrared spectra of the alimiiniimi, gallivm and indium derivatives 
are a l l rather similar, the main differences being absorptions due to the 
methyl groups on the metal atoms. The spectrum of the gallivmi compound 
recorded as a nujol mull i s very similar to the vapour phase spectrum 
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TABLE XVII 
Proton Magnetic Resonance Spectroscopic Results. 
Compound Solvent values of peaks (p.p.m.; 
C - Me 
= lO'OO) Me, s: . 4 
M - Me 
Me2C:N0H cel. 
4 
8'Us -
(Me„C:N0BMe-) z z n CCl, 4 7'98s(l) 9'87(1) 
(Me2C:N0GaMe2)2 CCl, 4 8«00s(l) 10»38s(l) 
(Me2C:N0InMe2)2 CCl, 4 8*10s(l) 9'97s(l) 
Me2C:N0H 8'22s(l), 8'33s(l) -
(Me_C:NOBMe^ ) L 2 n 8'32s(l), 8«34s(l) 9*64s(2) 
(Me2C:NOAlMe2)2 8'34s(l), 8'44s(l) 10'503(2) 
(Me2C:N0GaMe2)2 ' S«6 8*24s(l), 8«39s(l) 10'103(2 )• 
(Me2C:N0InMe2)2 8«22s(l), 8'35s(l) 10'16s(2) 
(Me„C:NOTlMe_) z Z n S«6 8'20s(2) 9'00d(2) (J =-378 c.sec" ) 
s = singlet; d =-doublet; r e l a t i v e i n t e n s i t i e s i n parentheses. 
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(Photograph V), and so the vapour and solid are considered to contain 
the same units of structure. Assignments where possible are shown i n 
Table XVIII. 
Table XVIII 
(Me2A10N:CMe2)2 (Me2GaON:CMe2)2 (Me2lnON:CMe2)2 (Me„TION:CMe») Z z n 
M-CH^ 6sym. 1190 1200 1156 1170 
M-CH^  rock ( 735) 735 704 791 
M-CH^vantisym. C 690) ;585 ^510 540 
M-CH^  vsym. 561 528 473 -
C-C V 1282 1279 1261 1253 
C-CH^  rock 1092 1089 1076 1054 
These assignments are based upon the assignments made for the 
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dimethylamino-dimethyl(alimiinium, gallium and indium) spectra, the 
134 + 
Raman spectra of dimethylthallixm compounds, e.g. (Me2'n'l) ClO^ , 
and the infrared spectra of formaldoxime and acetoxime. ^ "^ ^ 
The infrared spectra of the thallium and lit h i u m derivatives 
(Photograph VI) are also very similar to each other, the only major 
differences arising from absorptions which may be assigned to the Me2'Fl 
part of the molecule. I t i s possible that these compounds have similar 
structures, especially i n the acetoxime part of the molecule. Absorptions 
which can be assigned to TlMe2 vsymm. are absent i n the spectra recorded, 
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and i t i s tempting to propose a linear (Me-Tl-Me)"^ skeleton, thus 
making the symmetrical stretching mode infrared inactive. The compound 
i s readily c r y s t a l l i s a b l e from ether and so such an "ionic"-type compound 
appears to be improbable. 
Table XIX 
Infrared Spectroscopic data for (Me2C:N0MMe2)^ 
Compound ^ VN^ "™"^ ^ Compound VN^ "™"^ ^ 
Me2C:N0H 1678 (Me2C:NOGaMe2)2 1630 
Me2C:N0H'* 1662 (Me2C:N0GaMe2)2* 1628 
(Me2C:NOBMe2)2 1649 . (Me2C:NOInMe2)2 1612 
Me2C:NOBMe2'* 1663 (Me^C:NOTlMe„) z z n 1595 
(Me2C:N0AlMe2)2 1635 (Me^CiNOLi) 2 n 1610 
vapour phase; a l l others nujol mulls. 
The absorptions arising from C=N stretching vibrations are l i s t e d 
i n Table XIX. The frequency i s highest for acetoxime, where the compound 
i s monomeric i n the gas phase, and hydrogen-bonded through the nitrogen 
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i n the c r y s t a l phase, and for the vapour phase spectrum of dimethylboron 
acetoximate. The frequency i s s i g n i f i c a n t l y lower i n the nujol mull 
spectrum and i n a l l the other metal derivatives. In complexes formed 
between compounds containing carbonyl groups and Lewis acids, R2C=0 —)MXn, 
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the carbonyl frequency i s lowered (contrary to cyanide coordination 
complexes) and thi s has often been used to determine whether coordination 
involves the carbonyl group i n compounds containing other possible donor 
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atoms, e.g. acid chlorides or ketones. By analogy with t h i s , i t 
seems l i k e l y that the lowering of the C=N stretching frequency i n the 
boron compound, on passing from the monomeric gas to the polymeric 
c r y s t a l , arises from coordination of the nitrogen to the boron atom, 
and again by analogy i t i s l i k e l y that the other metal derivatives are 
also associated through the nitrogen. There i s v i r t u a l l y no change i n 
frequency i n the gallium compound on passing from.the crystal phase to 
the vapour phase implying that there i s no change i n the mode of 
association during t h i s phase change. 
Mass Spectra 
The mass spectra of the boron and aluminium compounds were recorded, 
and showed them to be monomeric and dimeric respectively i n the gas 
•pKsasei.. Preliminary studies on the breakdown patterns show them to be 
consistent with previously formulated structures for these compounds. 
A molecular ion i s observed for the monomer of the boron compound 
and the most intense peaks i n the spectrum correspond to the fragments 
formed by f i s s i o n of the nitrogen-oxygen bond. 
Me2BON=CMe2 > [Me2B O]"*" and [Me2C=N]'^ 
No molecular ion i s observed for the dimer of the aluminium compound, 
but fragments formed by loss of one, two and three methyl groups from the 
dimer are observed. No intense peak i s observed at mass 56, due to 
[Me2C=N]''" and thi s i s powerful evidence i n favour of Structure I rather 
than Structure I I (see page 118) where fis s i o n of the nitrogen-oxygen bond 
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would be expected to be the f i r s t stage i n the breakdown. 
The f i n a l evidence i n favour of the dimer being associated through 
I3 6 
the nitrogen i s furnished by the crystal structure of acetoxime i t s e l f . 
The acetoxime molecules form sheets of planar trimers which are held 
together by N H-0 bonds. The fact that the crystal i s held 
together by hydrogen bonding through the nitrogen rather than the oxygen 
implies that the former i s more basic i n character than the l a t t e r , and 
t h i s n a t u r a l l y becomes the mode of association in. the metal oxime 
derivatives. 
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APPENDIX 
For a peak at a given mass i n the mass spectrum of a compound, there 
can be several numerical combinations of the atoms to give that integral 
mass, e.g. mass 14 = "BH^ , CH2 or N. When the mass number becomes higher, 
the number of atom combinations becomes progressively larger, and eventually 
i t becomes an extremely laborious task to work out manually a l l the 
combinations possible. This was the case during the mass spectroscopic 
investigation i n t o Fraction I I I from the reaction of methyl cyanide with 
diborane (see page 34- i n the experimental section). When this became 
apparent, a program i n Algol, for use on an E l l i o t 803 computer, was 
wri t t e n . Two variations were developed and are discussed below. 
Variation I 
The f i r s t v a r i a t i o n i s shown below as Program I . 
This var i a t i o n l i s t s out a l l the possible carbon, hydrogen boron 
("B only) and nitrogen combinations for any integral mass, and prints out 
a l l these combinations together with the accurate mass. The maximum ntmber 
of hydrogen atoms allowed has been limited to the number of unoccupied 
valencies on each of the atoms of the fragment, i.e. the number of hydrogen 
atoms cannot be greater than [(2 x the number of carbon atoms) + 2 + 
(2 X the number of boron atoms) + (the number of nitrogen atoms)]. The 
only compound which t h i s l i m i t a t i o n omits i s the diborane-ammonia adduct 
which undergoes immediate thermal decomposition under the conditions i n 
which a mass spectrum i s recorded. The maximum nimiber of boron and nitrogen 
126 
PROGRAM I 
RJ ATOM COMB 1,4' 
BEGIN INTEGER C,H,B,N,INMASS, BL, NL,1' 
REAL MH,MB,MN,MASS' 
SWITCH S:=REPEAT,FINISH,NEXTMASS,REENTRY' 
READ BL,NL,1' 
MH: = 1'007825' MB:=11.009307' MN: =14.003074' 
PRINT ££L? RJ ATOM COMB 1,4.£L6??' 
NEXTMASS: READ INMASS' 
PRINT ££L6?CARB0N,HYDROGEN,BORON AND NITROGEN COMBINATIONS.?' 
PRINT ££L4?MASS =?,SAMELINE,DIGITS(3),INMASS, 
££L2? C H B N MASS£L??' 
FOR B:=0 STEP 1 UNTIL BL DO 
BEGIN FOR N:=0 STEP 1 UNTIL NL DO 
BEGIN C:=(INMASS-BK11-NK14) DIV 12' 
H:=INMASS-BK11-NH14-CH12' 
I F C=0 AND N=0 AND H LESSEQ BK3 THEN GOTO REENTRY' 
I F C=0 AND B=0 AND H LESSQ NK3 THEN GOTO REENTRY' 
REPEAT: I F C LESS 0 OR H LESS 0 OR H GR (2xC 
+2+Nf2KB) THEN GOTO FINISH' 
REENTRY:IF H LESS OETHEN (SOW FINISH' 
MASS:=CK12.OOOOfHKMH+BKMB+NKMN' 
PRINT DIGITS(2),C,SAMELINE,H,B,N,£ ?,ALIGNED(1,5), 
(MASS-ENTIER(MASS))' 
C:=C-l' H:=H+12' 
GO TO REPEAT' 
FINISH:' END' 
END' 
1: = 1-1' 
I F I GR 0 THEN GOTO NEXTMASS' 
END OF PROGRAM.' 
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atoms i s also l i m i t e d , but th i s l i m i t a t i o n may be altered at w i l l , and 
is punched out each time on the data tape. The data tape takes the 
following form:-
Limiting number of boron atoms. 
' Limiting number of nitrogen atoms. 
The nxamber of masses to be evaluated. 
The integral masses to be evaluated. 
The information i s given i n the following form:-
CARBON, HYDROGEN, BORON AND NITROGEN COMBINATIONS. 
MASS = 68 
c H B N MASS 
5 8 0 0 0.06260 
4 6 0 1 0.05002 
3 4 0 2 0.03745 
2 2 0 3 0.02487 
1 0 0 4 0.01230 
4 9 1 0 0.07973 
3 7 1 1 0.06716 
2 5 1 2 0.05458 
1 3 1 3 0.04200 
0 1 1 4 0.02943 
3 10 2 0 0.09686 
2 8 2 1 0.08429 
1 6 2 2 0.07171 
0 4 2 3 0.05914 
2 11 3 0 0.11400 
1 9 3 1 0.10142 
0 7 3 2 0.08884 
2 0 4 0 0.03723 
1 12 4 0 0.13113 
0 10 4 1 0.11855 
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PROGRAM I I 
RJ ATOM COMB 1,5.' 
BEGIN INTEGER C,H,B,N,INMASS,BL-yNL,I,X' 
REAL MH,MB,MASS,EXPMASS,RESOLUTION' 
SWITCH SS:=REPEAT,FINISH,NEXT1MASS,NEXT2MASS,REENTRY,LABELl' 
READ BL,NL,1,X' 
MH:=1,007825' MB:=11.009307' MN:=14.003074' 
PRINT ££L? RJ ATOM COMB 1,5.£L6??' 
NEXTIMASS: READ RESOLUTION' 
NEXT2MASS: READ EXPMASS' 
PRINT ££L6?CARB0N,HYDROGEN,BORON AND NITROGEN COMBINATIONS.?' 
INMASS:=IF (EXPMASS-ENTIER(EXPMASS)) GREQ 0.5 THEN 
ENTIER(EXPMASS)+1 ELSE ENTIER (EXPMASS)' 
PRINT ££L4?MASS =?,SAMELINE,DIGITS(3),INMASS, 
SAMELINE, £EXPERIMENTAL MASS=? , SAMELINE ,ALIGNED(3 ,5 ),EXMASS, 
££L2? C H B N . MASS£L??' 
FOR B:=0 STEP 1 UNTIL BL DO 
BEGIN FOR N:=0 STEP 1 UNTIL NL DO 
BEGIN C:=(INMASS-BK11-NH14) DIV 12' 
H:=INMASS-BK11-NK14-CK12' 
I F C=0 AND N=0 AND H LESSEQ BK3 THEN GOTO REENTRY' 
I F C=0 AND B=0 AND H LESSEQ NK3 THEN GOTO REENTRY* 
REPEAT: I F C LESS 0 OR H LESS 0 OR H GR (2KC 
+2+Nf2KB) THEN GOTO FINISH' 
REENTRY:IF H LESS 0 THEN GOTO FINISH' 
MASS: =Cj£l2. OOOCM-HKMH+BKMB+NXMN ' 
IF ABS (MASS-EXFMASS) GR (RESOLUTIONKEXPMASS) 
THEN GOTO LABELl' 
PRINT DIGITS(2),C,SAMELINE,H,B,N,£ ?,ALIGNED(1,5), 
(MASS-ENTIER(MASS))' 
LABELl: C:=C-1' H:=H+12' 
GOTO REPEAT 
FINISH:• END' 
END' 
1:=1-1' 
IF 1 GR 0 THEN GOTO SS(X)' 
END OF PROGRAM' 
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Variation I I 
The second varia t i o n i s shown below as Program I I . 
This program calculates a l l the possible atom combinations, and the 
accurate masses of a l l these combinations, but prints out only those which 
are w i t h i n a predetermined range of the measured mass, and this range i s 
most conveniently chosen to be the resolution of the mass spectrograph under 
the operating conditions. The l i m i t a t i o n s on the number of hydrogen, boron 
and nitrogen atoms are the same as before. The data tape takes the 
following form:-
Limiting ntraiber of boron atoms. 
Limiting number of nitrogen atoms. 
The number of masses to be evaluated. 
Either number 3 or number 4 depending upon whether the resolution of 
the instrvraient has been changed or not. I f the resolution has not been 
changed read number 4. 
The resolution. 
The accurate masses of the peaks to be i d e n t i f i e d . I f the resolution 
i s not changed, the masses may be l i s t e d , otherwise the resolution for each 
peak must be given before the accurate mass. 
The information i s given i n the following form, shown on the next 
page. . 
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CARBON,HYDROGEN,BORON AND NITROGEN COMBINATIONS. 
MASS = 109 
EXPERIMENTAL-MASS = 109.11500 
c H B • N MASS 
7 14 . 1 0 0.11886 
4 11 2 2 0.11084 
2 10 3 3 0.11539 
0 9 4 4 0.11995 
CARBON, HYDROGEN;BORON AND NITROGEN COMBINATIONS. 
MASS = 108 
EXPERIMENTAL MASS= 108,11410 
c H B N MASS 
7 13 1 0 0.11103 
5 12 2 1 0.11559 
0 8 4 4 0.11212 
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